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A designer was feeling frustrations, 

Gates and Flip-Flops were taxing his patience. 
So he said: What a mess! 

/ can do it for less, 

If | use Fairchild’s smart applications. 
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INTRODUCTION 


The ultimate objective of any digital system design is to 
achieve a given performance for the lowest total system cost. 
Total system cost includes design, tooling, manufacturing, 
and service. The relative importance of these factors varies 
with different industries. In aerospace, design and service 
tend to dominate. In consumer fields, manufacturing cost 
dominates. In any case, however, total cost over the life of 
the system should be minimized. 


A system and logic designer achieves this goal with the selec- 
tion of the appropriate system architecture and the selection 
of those components which are best for the system architec- 
ture. Today, there is an almost overwhelming variety of 
alternatives. In only ten years, several integrated circuit tech- 
nologies have vied for the attention of designers. 


@ RTL, the earliest family, offered high performance but 
insufficient noise margins. 


@ DTL, slower but easier to use, offered improved noise mar- 


gins and fan out. It has been gradually superceded by its 
faster cousin, TTL. 


® TTL offers higher speed, better noise immunity and drive 
capability, by far the largest number of standard com- 
plex devices and various speed/power trade offs. 


@ CTL offers higher speed at moderate cost and power dis- 
sipation but requires more experience on the part of the 
user because the logic levels are non-restoring. 


@ ECL offers the highest speed, drives terminated trans- 
mission lines, and is the ultimate choice for very fast 
systems. 


@ MOS offers greatly increased complexity and lower power 
consumption but significantly less speed. It is predomin- 
ately used in large regular arrays such as Serial and ran- 
dom access memories, custom LSI circuits for high volume 
production — notably calculators, and microprocessors 
which implement logic with programming steps rather than 
hard wired connections. 


® CMOS offers extremely low power consumption when op- 
erated at low speed. Complexity is comparable to TTL, 
speed is between MOS and TTL. 


Although the applications in this book concentrate on TTL 
components, many are applicable to other technologies, par- 
ticularly ECL and CMOS. 


THE IMPACT OF MSI ON LOGIC DESIGN 


In the days of vacuum tubes, transistors, diodes, and even 
integrated circuits containing gates and flip-flops (pre 1967), 
the art of logic design was clearly defined and measured. The 
logic designer attempted to design with a minimum number 
of components, using such established techniques as Kar- 
naugh maps, Veitch diagrams, and Boolean algebra. System 
design, logic design and component selection were indepen- 
dent, requiring little interaction on the part of the designers. 
Medium Scale Integration, standard circuits with 20 to 
100-gate complexity, has radically changed this relationship 
and made system design, logic design, and component selec- 
tion heavily interdependent, each influencing and influenced 
by the others. It is no longer sufficient — or even important 
—to minimize the number of gates and flip-flops. It is far 
more important to select the proper complex integrated 
circuit which can perform the desired function most econ- 
omically. It may even be appropriate to redefine subsystems 
to accommodate more sophisticated and more cost-effective 
components. In addition, the higher levels of integration also 
offer reduced power consumption and improved system relia- 
bility. Logic design is no longer an isolated art, has left its 
ivory tower and is more demanding, but at the same time 
far more stimulating and rewarding. 


The logic designer today must be involved in system design, 
must know about the complex components available, and 
must be aware of economical impacts of semiconductors, 
printed circuit boards, connections, and power supplies. This 
knowledge, and the trade-offs represented, are necessary 
to achieve this goal. . . the lowest system cost for specified 
performance. 
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ADVANTAGES OF MSI 


Complex MSI devices offer many advantages over SSI gates 
and flip-flops. 


@ Increased packing density — more functions on a printed 
circuit board — simplified mechanical construction 


@ Reduced interconnections — solder joints, backplane 
wiring, and connectors 


@ Improved system reliability. Mean time between failure 
of an MSI is roughly the same as MTBF of an SSI device, 
So a reduction in package count increases system MTBF. 
Moreover, the reduced _ interconnections improved 
reliability. 


@ Reduced power consumption and total heat generation. 
However, the increased density possible with MSI can 
result in higher power and heat densities. 


@ Lower cost. MSI/SSI cost comparisons must consider true 
total cost, not only the purchase price of the integrated 
circuits. An unavoidable overhead cost is associated with 
each IC, attributed to testing, handling, insertion, and 
soldering plus the appropriate share of connectors, PC 
boards, power supplies, cabinets, etc. This overhead cost 
is generally estimated to be $.50 to $1.50 per circuit. 
When this cost is added to semiconductor cost, MSI offers 
more economical solutions even in cases when the MSI 
components are more expensive. 


@ Decreased design, debugging, and servicing costs and 
time. Because MSI devices are functional subsystems, it 
is much easier and faster to design a system with them. 
This is an important consideration when average product 
design lifetime shrinks and designers are pressed to com- 
plete increasingly complex designs in less and less time. 
Functional partitioning also simplifies debugging and 
service. 


Because of these obvious advantages, MSl is generally accept- 
ed in the regular and repetitive portions of digital designs. 
Today, no one would build a synchronous counter with dual 
flip-flops or a latch array with NAND gates. In less regular 
and less repetitive areas, notably control circuits, MSI has 
not yet found such acceptance. Instead, the old, gate- 
minimized approach using SSI devices prevails. To a large 
extent this is only because designers are not sufficiently 
aware of the more subtle features of good MSI circuits and the 
logic manipulations possible. MSI devices can be used to 
advantage even in very irregular and very specialized design 
areas. Moreover, the control features of synchronous coun- 
ters and registers can significantly reduce specialized con- 
trol logic. 


Imaginative application of MSI components reduces the role 
of gates and flip-flops to that of ‘‘glue’’ between the MSI cir- 
cuits. The result is an optimized system with more MS| pack- 
ages than SSI packages, with 80 to 90% of the logic imple- 
mented with MSI. The applications in this book intend to 


prove this point by showing conventional and unconventional 
uses of MSI which make systems more economical and more 
reliable. 


GENERAL SYSTEM DESIGN RULES 


@ Adapt system architecture to performance required and 
components used. Use paral//e/ architecture and fast com- 
ponents for highest speed. Use seria/ architecture and 
slow components for slow systems, which reduces cost and 
power consumption. Use para/le/ architecture with s/ow 
components or seria/ architecture with fast components for 
intermediate speed requirements. 


@ Avoid asynchronous systems; convert them to synchronous. 
Synchronous systems are easier to design, debug and ser- 
vice. They are more reliable than asynchronous systems. 
A simple, inexpensive clock generator using less than one 
gate package may be sufficient to solve an inherently 
asynchronous problem in a synchronous manner. 


@ Use extra care with all clock signals to counters and regis- 
ters and with trigger inputs to monostables. Avoid clock 
gating as much as possible; use the synchronous Enable 
inputs instead. Beware of the glitches on the outputs of 
decoders and similar combinatorial logic. Avoid slow rise 
times (>50 ns) and watch out for double pulses (over- 
tones) from crystal oscillators. Most problems with in- 
herently slow systems can be traced to double triggering 
of register and monostables due to poor clock and trigger 
Signals. The designer of slow systems must be constantly 
aware of the fact that TTL components are capable of 
speeds of 10 to 50 MHz and that they react to trigger 
spikes invisible on an oscilloscope used for displaying 
slow events. 


@ Minimize the use of monostables and avoid RC elements 
in any signal path. Monostables are often used as a ‘quick 
and dirty” fix for an improperly designed system. Mono- 
Stables are inherently linear circuits with limited noise 
immunity and this is a major disadvantage in noisy digital 
environments. A carefully designed synchronous system 
using edge triggered devices rarely needs a monostable. 


@ MSI designs should be based directly on system block 
diagrams. A gate-minimized logic design hides the basic 
system structure and a direct conversion to MSI is bound 
to be inefficient. It is always better to discard gate- 
minimized logic design and design with MSI directly from 
the original system block diagrams. 


@ |maginatively explore MSI functional capabilities. The 
name applied to most MSI circuits merely describes the 
primary function of that device. A well-defined MSI de- 
vice is far more versatile than the obvious function indi- 
cated by its name. A synchronous presettable counter 
can be used as a shift register, a decoder can be a data 
demultiplexer, and a multiplexer can be an efficient func- 
tion generator. MSI devices are surprisingly versatile and 
this versatility should be used to advantage. 
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TTL/MSI DEVICE DESIGN CONSIDERATIONS 


Thus far, this introduction has discussed TTL/MSI from the 
point of view of the system designer. However, it is also 


important for system designers to be aware of the design | 
considerations faced by the TTL/MSI device designer. The . 


design of TIL/MSI circuits is predominately influenced 
by three factors. 


@® COST — The device must be inexpensive to manufacture. 


@ POWER — The device must be able to dissipate its power 
while maintaining an acceptable junction temperature. 


@ PACKAGE — The device must be partitioned to perform a 
useful function with minimal input and output connec- 
tions available in a practical package. 
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Cost 


The chip and the package are the major influences on the 
manufacturing cost of TTL/MSI circuits. Chip cost does in- 
crease with complexity, but at low complexity this increase 
is less than proportional because chip connection pads actu- 
ally dominate the chip area. With very high complexity, chip 
cost increases at a rate more than proportional to complexity 
because very complex and larger chips are subject to a lower 
manufacturing yield. Because the packaging cost for a given 
package is not affected by the chip complexity, it has a rel- 
atively larger impact on the cost of simple circuits. So, the 
cost of producing an integrated circuit rises slowly with low 
complexity chips, but then climbs steeply. Therefore, the 
cost per on-chip gate function has a minimum at a certain 
complexity. For random or near-random logic, this minimum 
cost is at the 50 to 100-gate complexity level; for regular 
memory arrays, it is approximately 256 bits. In addition, 
low manufacturing cost is only achieved when circuits are 
produced in volume. Volume production amortizes develop- 
ment costs and eliminates or minimizes manufacturing pro- 
cess problems earlier. The result is improved product avail- 
ability at a lower cost. 


Power 


Power means heat. The power dissipation of a device in a 
16-lead Dual In-line package should be kept below 500 mW 
to insure a tolerable junction temperature at the highest 
operating ambient temperature. Fast TTL circuits dissipate 
approximately 5 mW per internal gate which limits complex- 
ity to about 100 gates per package. Complexity beyond 100 
gates requires either a larger package or slower, less power 
consuming technology such as Low Power TTL or CMOS. 


Package 


Another device design constraint is the number of leads avail - 
able for inputs and outputs. The 16-lead Dual In-line Package 
has become the standard for TTL/MSI circuits. It is inexpen- 
sive, easy to use, and compact. Larger 24-lead packages are 
used, but are considerably more expensive, three times 
larger, heavier, and more difficult to handle. Moreover, 
many inputs and in particular outputs increase chip size, 
assembly cost, and power dissipation. 


Thus, from the manufacturer’s standpoint, the ideal TTL/ 
MSI device meets the following criteria. 


@ complexity of 50 to 100 gates 

@ 16-lead DIP 

@ no more than 5 or 6 outputs 

@ 300 to 500 mW power dissipation 

®@ application in many digital systems in different industries 
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USER-ORIENTED TTL/MSI 


With these considerations in mind, several semiconductor 
manufacturers have developed and are offering TTL/MSI| 
families. The most successful are Texas Instrument’s 7400 
family and Fairchild’s 9300 family. Both families are second- 
sourced (the original part # is retained) and copied by many 
manufacturers. 


Fairchild 9300 TTL/MSI circuits were designed, developed 
and built with emphasis on user-oriented features. 


@® All available leads are used. 

When 50 or more gates function in a 16-lead package the 
user has no access to most internal nodes. Consequently, 
the circuit must be defined and partitioned very carefully, 
so that the resulting device can perform a useful function 
with the limited input/output connections. With some 
devices (a 1-of-10 decoder, for example), lead use is ob- 
vious. Others, however (serial shift registers), do not 
need all the leads for their basic function. In these cases, 
logic is added (input multiplexers, complementary out- 
puts, clock control circuits) which uses all available leads 
and makes the circuit more versatile, often eliminating 
external gates. 


@ Devices are self-extending. 

Most systems use MSI devices as parts of larger sub- 
systems (four 4-bit counters form a 16-bit counter, four 
8-input multiplexers form a 32-input multiplexer, five 
5-bit comparators are used to build a 21-bit comparator). 
This expansion must be possible with minimal or no exter- 
nal gating. Otherwise, the cost, space, and power saving 
features of MSI are defeated. Enable inputs, decoded Ter- 
minal Count outputs, Group Signal outputs, etc., facilitate 
this expansion. 


® Control and Clock polarities are compatible. 

Signal polarities (High or Low) throughout the TTL/MSI 
family have been selected so external inverters are not re- 
quired for most applications. Decoder outputs are active 
Low, therefore Enable inputs are also active Low, because 
they are often driven by decoders or NAND gates. All Fair- 
child originated 9000 and 9300 flip-flops, registers, and 
counters change output states following the same clock 
transition (Low-to-High) avoiding clock skew problems en- 
countered with mixed clock polarities. 


@ Inputs are buffered and encoded. 
Inputs to MSI devices, particularly control and clock inputs, 
often perfrom several internal functions. Without input buf - 
fers, this results in a fan in of several unit loads. The 
9300 family has on-chip input buffers, avoiding this load- 
ing problem and offering several advantages. First, fan 
in is reduced, decreasing the number of SSI buffers requir- 
ed in a system. Second, on-chip buffers do not drastically 
increase the chip size, and because buffers are necessary 
somewhere in the system, designing them into the chip 
means they drive a known load at reduced voltage swing, 
Saving power and gaining speed. SSI buffers, on the other 
hand, must be designed for worst-case Supply voltage, 
noise margin, fan out, etc., and are therefore less efficient. 


Xil 


Expanding the idea of on-chip input buffers leads to 
the placement of complete decoders on the chip in- 
puts. Again, the additional chip area used is relatively 
small, but the advantages of increased function and/ 
or less leads generally more than offsets the increase 
in chip size. Placing decoders on the chip also has 
important system consequences, substantially increas- 
ing the logic capability of the circuits, and resulting 
in greater logic flexibility. 


@ Sequential circuit timing is simplified. 

Almost all 9300 circuits operate synchronously. In a syn- 
chronous system, all output changes are actuated by a 
common clock transition, avoiding cascaded delays and 
decoding spikes which plague asynchronous systems. Edge 
triggered devices can accommodate combinatorial delays 
almost as long as a clock period cycle. They are less sensi- 
tive to noise and to variations in the clock duty cycle than 
ones catching Master/Slave circuits. This is discussed in 
detail under flip-flops (SSI) and in the Electrical Character - 
istics Chapter. 


TERMINOLOGY 


ACTIVE 
LOW ACTIVE HIGH INPUTS 


area 


INPUT 


ACTIVE LOW 
OUTPUT 
ACTIVE HIGH 
INPUT 


Active Low 
Master Reset Input ACTIVE HIGH: 
OUTPUTS 


The logic symbols used to represent the MSI devices follow 
Mil Std 806B for logic symbols. MSI elements are represent- 
ed by rectangular blocks with appropriate external AND/OR 
gates when necessary. A small circle at an external input 
means that the specific input is active Low; i.e., it produces 
the desired function, in conjunction with other inputs, if its 
voltage is the lower of the two logic levels in the system. A 
circle at the output indicates that when the function designat- 
ed is True, the output is Low. Generally, inputs are at the top 
and left and outputs appear at the bottom and right of the 
logic symbol. An exception is the asynchronous Master Reset 
in some sequential circuits which is always at the left hand 
bottom corner. 


Inputs and outputs are labeled with mnemonic letters as 
illustrated in the table opposite. Note that an active Low func- 
tion labeled outside of the logic symbol is given a bar over 
the label, while the same function inside the symbol is label- 
ed without the bar. When several inputs or outputs use the 
same letter, subscript numbers starting with zero are used in 
an order natural for device operation. 


This nomenclature is used throughout this book and may 
differ from nomenclature used on data sheets (notably early 
7400 MSI), where outputs use alphabetic subscripts or use 
number sequences starting with one. 


INTRODUCTION 


LABEL MEANING EXAMPLE 


14 la 13 1g |5 lg 


E | 
SO 2 


S41 9312 
8-INPUT MULTIPLEXER 


General term for inputs to combinatorial circuits. 


JK 

S,R E Do D1 D2 D3 Do Di D2 D3 
Inputs to JK, SR, and D flip-flops, latches, registers, and counters. 

D 1/2 9308 DUAL 1/2 9308 DUAL 

4-BIT LATCH 4-BIT LATCH 
P TMR Qo Q) Q2 Q3 MR Qo Q1Q2 Q3 
) AQ A3 
Address or Select inputs, used to select an input, output, data route, Sig SOO ce 
Ax, Sx junction, or memory location. Sa pweL neuen Ones as 


Ag Ai A2 A3 A4 Bo Bi B2 B3 B4 


E 9324 
5-BIT COMPARATOR 


Enable, active Low on all TTL/MSI. 


A>B A<B- A=B 


PE Po P1 P2 P3 


9300 
CP 4-BIT UNIVERSAL Q3 
SHIFT REGISTER 


MR Qo Q1 Q2 Q3 


Parallel Enable, a control input used to synchronously load information in 
parallel into an otherwise autonomous Circuit. 


Master Reset, asynchronously resets all outputs to zero, overriding all 
other inputs. 

CP 

CE, CEP, CET 


PE Po Py P2 P3 

CEP 9310 BCD 

CET DECADE TC 
COUNTER 

MR Qg Q1 Q2 Q3 


CP 


9334 
8-BIT ADDRESSABLE LATCH 


A 
2CL 09 01 07 03 04 05 06 07 


Clear, resets outputs to zero but does not override all other inputs. A 


Clock Pulse, generally a High-to-Low-to-High transition. An active High 
clock (no circle) means outputs change on Low-to-High clock transition. 


PE Po Pi P2 P3 
CEP 


CET 


9316 
4-BIT TC 
BINARY COUNTER 


MR Qo Q1Q2 Q3 


Count Enable inputs for counters. 


loa!t1a !2a '!3a , !ob 1b !2b I3b 
So 


Zyx, Ox, Fx General terms for outputs of combinatorial circuits. DUAL 4-INPUT MULTIPLEXER 
Qx General term for outputs of sequential circuits. See 
CEP 9310 BCD 
; . CET DECADE TC 
TC Terminal Count output (1111 for up binary counters, 1001 for up decimal COUNTER 


MR Qo Q)1 Q2 Q3 
counters, or OOOO for down counters). 
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MULTIPLEXERS 


INTRODUCTION 


Digital multiplexers are combinatorial (non-memory) devices 
controlled by a selector address which routes one of many in- 
put signals to the output. They can be considered semicon- 
ductor equivalents to multiposition switches or stepping 
switches. 


Multiplexers are used for data routing and time division 
multiplexing. They can also generate complex logic func- 
tions. For example, the 9312 8-input/1-pole multiplexer 
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generates any of the 216 different logic functions of four 
variables; the 9309 4-input/2-pole multiplexer generates 
any two of the 256 functions of three variables; the 9322 
2-input/4-pole multiplexer generates any four of the 16 
functions of two variables. A single multiplexer package can 
replace several gate packages, saving printed circuit board 
area, interconnections, propagation delays, power dissipa- 
tion, design effort, and component cost. 


9322 QUAD 2-INPUT MULTIPLEXER 


DESCRIPTION AND OPERATION 


LEADS LOADING CHARACTERISTICS 
S Common Select Input 1 UL TYPICAL DELAYS lo toZ 10ns 
E Enable (Active Low) Input 1 UL EtoZ 15ns 
lox-l4x Multiplexer Inputs 1 UL StoZ 19ns 
Z Multiplexer Output 10 UL PACKAGE I6 Lead DIP or Flatpak 
TYPICAL POWER 
DISSIPATION 125 mW 
SELECT 
ENABLE INPUT INPUTS OUTPUT 
E S lox l4x Zx loa '1a lob Mb loc Wc lod lia FP 
9322 QUAD 
H X X X L 2-INPUT MULTIPLEXER 
L H xX L L Ze fe 
L H X H H 
L L L X L 
L L H xX H 
ld 'Od Mc lOc Mb 'Ob a loa 
s—D- 
DP} tH} 
— —d> 
v, v, v, v, 
Zd Zc Zb Za 
The 9322 quad 2-input multiplexer has common input parallel to the appropriate outputs from four 2-bit data 
select logic, common active Low Enable and active High sources. When the Enable is not active, all the outputs 
outputs. It allows four bits of data to be switched in are held Low. 


9322 QUAD 2-INPUT MULTIPLEXER APPLICATIONS 


DATA ROUTING 


| 
| 
COUNTER #1 7 
| 
| 


PE Pg Py P2 P3 PE Po Py P2 P3 


| 
| | 
| 
| 
| CEP | 
| 9310 UP 9310 UP 

ET DECADE TC CET DECADE RE TO FOLLOWING 
| COUNTER cp COUNTER SYAGES. gpa at te ie Si Sse ee te ee 7 
| P MR 09 01 Oo 03 MR O90; 09 03 : COUNTER #2 
| O 
| @ A 

PE Po Py P2 P3 PE Po Py P2 P3 

| CLOCK EP CEP 


t 
| 
| 
Ey 
9310 UP 9310 UP 
i ae tal ae id CE DECADE TC CET DECADE TC TO FOLLOWING 
an pt ee OP me yy | COUNTER cP COUNTER STAGES 
| av Q9 Q; Q2 03 is; Q> 03 
| e 
ef TTL TT 
Sie ees Serie 
aa 
E loa '1a lob 1b loc '1c¢ lod '1d loa 1a lob Mb lOc '1c lod '1d 
S 9322 QUAD S 9322 QUAD 
2-INPUT MULTIPLEXER 2-INPUT MULTIPLEXER 
2b Zc 2q 
peih deer = = TO FOLLOWING STAGES 
LATCH 1 
ENABLE eRe 
Ao Ai A2 A3. Ey RBI Ao A1 A2 AZ Ey sORBI 
9368 9368 
7 SEGMENT DECODER 7 SEGMENT DECODER 
DRIVER/LATCH DRIVER/LATCH 
y GE Ee abcde 
= DISPLAYS ARE FND 70 = 
Multiplexers usually route data from one of several The display follows the selected counter when the Latch 
sources to one destination. One typical application is Enable input is Low. When this line is High, the display 
shown here. This system displays the contents of one of is no longer affected by input changes, but retains the 
two multidigit BCD counter banks. The 9322 multi- information that was applied prior to the Low-to-High 
plexers select one of the two counters; when the count- transition of the Latch Enable. The 9368 interfaces 
er Select line is Low, counter 1 is selected, when it is directly with common cathode LED displays such as the 
High, counter 2 is selected. The multiplexer outputs FND 70. For driving incandescent displays with this 
feed into the 9368 BCD to 7-segment decoder drivers circuit, simply replace the 9368 devices with 9370 7- 


with input latches. segment decoder/driver/latches. 
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9322 QUAD 2-INPUT MULTIPLEXER APPLICATIONS 


DUAL 10-INPUT MULTIPLEXER 


BCD 
ADDRESS 


MULTIPLEXER 1 | MULTIPLEXER 2 


0 


1 9 


loa 'ta!ob Wb loc M1c lod Nd 


MULTIPLEXER 1 OUTPUT 


This data routing application is a part of a dual 10- 
input, BCD addressed multiplexer. One 9322 and two 
9312 8-input multiplexers are used to route two sets 


SHIFT LEFT, SHIFT RIGHT PARALLEL LOAD REGISTER 


DATA INPUTS 


TO OF 
Do D4 D2 DS 


GND 


loa 't1alob '1b loc '1c¢ lod '1q 


A 9322 QUAD 
OPERATION CONTROL LINES 2-INPUT MULTIPLEXER 
B 


DATA IN SHIFT RIGHT 
CLOCK 


DATA OUT SHIFT LEFT 


The circuit shown above is a shift left, shift right, paral - 
lel load register. The 9300 shift register right shifts 
synchronously with the Low-to-High clock transitions 
when the PE input is High. When PE is Low, the rising 
clock enters data on the Po through P3 inputs to all 
four stages of the shift register. 


The multiplexer feeds into each P input either new data 
or the contents of the stage to the right. This latter 
mode is the shift left capability. Data on the Q, output 
is multiplexed to be fed to the P,-1 Input. On the next 
clock pulse, the data is loaded into the n-1 stage and 
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9322 QUAD 


2-INPUT MULTIPLEXER 
Za 


2b 


E lo 4 la 13 Iq I5 Ig I7 
So 


S1 9312 8-INPUT MULTIPLEXER 


I 
i 
MULTIPLEXER 2 OUTPUT 


of 10 inputs to two output lines. Other decade multi- 
plexing circuits are shown later in this section. 


DATA IN SHIFT LEFT 


OPERATION CODE LIST 


A B Operation 

L L Parallel Load Data 
H L Shift Left 

L H Shift Right 

H H Shift Right 


DATA OUT SHIFT RIGHT 


appears at Q,.4, shifted one stage to the left. The 
9322 shifts the data or enters new data at the discretion 
of the process controller. Connections to the preceding 
and following stages of a larger register are shown. 


The use of 9322s to provide shifting capability is ad- 
vantageous in any unit which has parallel inputs and 
storage. The 9310 decade counter, the 9316 binary 
counter, the 9338 multiple-port register are all good 
candidates for this procedure which allows them to both 
shift and load. 


WORD SORTER FOR COMPARING FOUR 4-BIT WORDS 


9322 QUAD 2-INPUT MULTIPLEXER APPLICATIONS 


INPUT A 
Ao A1 A2 A3 
|e oe oe | Yoy 


Ag Ay A2 Ag A4 


Bo By B2 B3 Bg 


ABE 9324 5 BIT COMPARATOR 9322 QUAD 


2-INPUT MULTIPLEXER 
2b Ze 


9322 QUAD 


a 2b Zc 


Zo 2; 22 


This circuit uses 9322 and 9324 5-bit comparators to 
compare and order four 4-bit words. The four words are 
applied as shown. The result of the comparison of A and 
B in module 1 causes the larger of the two to appear 
at the outputs of module 2. Likewise, the larger of C and 
D appears at the outputs of module 4 as a result of the 
decision of module 3. Module 5 compares these two 
larger words and causes the larger of these to appear at 
the output of module 6. Lines Zo and 2 indicate 
which of the four words appear. lf all of the words are 
identical, Z5 is Low. 


2-INPUT MULTIPLEXER 


INPUT B 
Bo By Bz B3 
Y 


2d 


MODULE 6 


LARGEST WORD CONTENTS 
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ABE 9324 5 BIT COMPARATOR 


INPUT C INPUT D 
Co C1 C2 C3 Do Di D2 D3 
yyyy yyy y 


Ag Ay A2 A3 Aq Bo By Bz B3 Bg E loa '1a!ob '1b!oc '1¢ log I1d 


ABE 9324 5 BIT COMPARATOR 9322 QUAD 


2-INPUT MULTIPLEXER 


S 
Z., Zb ZA Zq 
MODULE 4 
YO 
a) a 
[ooo ead!) 4 
/-— Ene eae - 


Bo Bi B2 B3 Bg 


Ao Ai A2 AZ Ag 


OUTPUT CODES 


Zo 244 22 


CONDITIONS 


The operation is completely asynchronous. When the 
Control and Data outputs have settled, the largest of the 
four words appears at the Z, - Zqy outputs (Module 6) 
and can be stored in a memory or register. If the appro- 
priate input word (as indicated by the Zo and 2 outputs) 
is forced to zero, the next largest word appears at the 
Z, - Zq outputs. This operation can be repeated four 
times, after which the input words have been sorted in 
descending order. The circuit can be expanded to more 
words and/or more bits by adding 9324 comparators 
and appropriate multiplexers. 


9309 DUAL 4-INPUT MULTIPLEXER 


DESCRIPTION AND OPERATION 


LEADS 
So.S4 Common Select Inputs 
lox-l1x.l2x.13x | Multiplexer Inputs 


x Multiplexer Outputs 


LOADING CHARACTERISTICS 
1 UL TYPICAL DELAYS |} StoZ 24ns 
1 UL lItoZ 9ns 
10 UL PACKAGE 16 Lead DIP or Flatpak 
9 UL TYPICAL POWER 
DISSIPATION 150 mW 


Zx Complementary Multiplexer Outputs 
SELECT 
INPUTS INPUTS OUTPUTS 


I3x 


lox 


X 
Xx 
X 
X 
L 
H 
X 
xX 


lox 1x 


Poe Lo ee 
iS! IS A OO ae ee ee a 
x «KKK KK Ie 
—~ KKK Ie KK SX 
crm KK KKK XX 
oe ae oe 
CSE eS re se 


The 9309 is two 4-input multiplexers with common 
select logic and True and Complement outputs. The 2- 
bit code on the S inputs selects one of the four inputs in 
each of the two sections and routes it to the appropri- 


loa lta '2a '3a 


9309 
DUAL’ 4-INPUT MULTIPLEXER 


lob '1b !2b 13b 


2a 2b 


2b 


Zp 2p 


ate output. In addition to conventional multiplexing, 
the 9309 generates any two of the 256 possible func- 
tions of three variables, a useful feature for implement- 
ing random control functions. 


93153/74153 DUAL 4-INPUT MULTIPLEXER 


DESCRIPTION AND OPERATION 


LEADS LOADING 

Eg Ep Enable 1 UL 

30.91 Address Inputs 1 UL 

loa-3alob-3b Data Inputs 1 UL ADDRESS 

Za2b Outputs 10 UL INPUTS DATA INPUTS ENABLE OUTPUT 


lox 4x lox 


xX xX xX X xX xX H L 
L oL L xX X X L L 
L oL H xX xX xX L H 
L H xX L xX xX L L 
Eg loa lt1a!2a!3a Eb !ob !1b !2b '3b L H xX H 4 x L H 
S 
i 9315374153 H L X X L X L L 
i 2p H L X xX HX L H 
H H X X X L L L 
H H xX Xx X H L H 
ENABLE DATA 1 ADDRESS DATA 2 ENABLE 
loa Na I2a I3a $1 So lob lb l2b I3b 
VV VY VV 
7 M/ 

ie aes el ee 

(ae ie |) es eee 

6 | 

ans sie 
Za OUTPUT Zp OUTPUT 
The 93153/74153 is a dual 4-input multiplexer with allows two bits of data to be selected from two sets of 4- 
common Select inputs and separate Enable inputs. It input sources. 
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9309 DUAL 4-INPUT MULTIPLEXER APPLICATIONS 


DUAL 2-INPUT MULTIPLEXER 


loa !1a '!2a !3a lob '1b !2b 13b _ 
S 


DUAL 4-INPUT MULTIPLEXER 


The 9309 dual 4-input multiplexer can be used as two 
independent 2-input multiplexers by connecting the in- 
puts in parallel as shown above. 


MULTIPLE WORD DATA BUSSING 


loalia !2a!3a Ob '1b !2b !3b loa 1a !2a !3a 
S 


9309 
DUAL 4 INPUT MULTIPLEXER 


lob 4b !2b 13b 


DUAL 4 INPUT MULTIPLEXER 


loa a !2a !3a 


9309 
DUAL 4 INPUT MULTIPLEXER 


BilT a 
OUTPUT 


Five 9309 dual 4-bit multiplexers connected as shown 
can be used to switch two bits of data from one of 16 
words to a 2-bit data bus. The address supplied to the 
$0.5 1,532,953 inputs selects the word to be transferred. 
If 12-bit words are to be transferred to a 12-bit bus, 
the circuit is repeated six times. The complementary 


BIT b 
OUTPUT 


DATA COMMUTATION 


CLOCK FREQ. DATA INPUT 
tia 


ob), 2 eae a Ot 4 a a 


ENABLE 
COMMUTATION 


( ) 
PE Po Py Pp P3 | COMMUTATION loa!1a !2a '3a lob !1b !2b '3b 
p CYCLE S 
9316 4-BIT nen ° 
BINARY TC 


COUNTER DUAL 4-INPUT MULTIPLEXER 


~~ ee” 
DATA OUTPUTS 


THE DATA COMMUTATOR SPENDS A VARIABLE AMOUNT OF TIME 
IN EACH POSITION. CLOCK FREQUENCY DETERMINES AMOUNT 
OF TIME SAMPLING DATA INPUT ‘X’. THE TIME SPENT IN EACH 
POSITION IS RECIPROCALLY RELATED TO FREQUENCY INPUT. 


This circuit uses a 9309 dual 4-input multiplexer and a 
9316 up binary counter for data commutation. In each 
selected position, lg - 3, the data commutator samples 
data for a length of time that is determined by the clock 
frequencies at the four |, multiplexer inputs. The 9316 
CEP input serves as a commutation enable, while the 
9316 TC output indicates the end of the commutation 
cycle. 


loa 1a '!2a '!3a lob '1b !2b !3b loa't4a!2a'!3a lob !1b !2b !3b 


SO 
DUAL 4 INPUT MULTIPLEXER DUAL 4 INPUT MULTIPLEXER 


Za lb 2b 


lob '1th !2b '3b 


2-BIT DATA BUS 


outputs are used at both levels in order to minimize the 
through delay. (The Z output is derived from the Z out- 
put through an additional inverter and is therefore de- 
layed by one additional gate delay.) The two inversions 
of the two multiplexer levels cancel, so that data is not 
inverted. 


9312/9313 8-INPUT MULTIPLEXERS 


DESCRIPTION AND OPERATION 


LEADS 


LOADING CHARACTERISTICS 


$0,941,992 | Select Inputs 
E 


S2 


$4 


So 


TUVUY 


mi 


Z Output of the 9313 has open collector. 


The 9312 and 9313 are 8-input multiplexers which se- 
lect one bit of data from up to eight sources. They have 
internal select decoding, active Low Enable and Com- 
plementary outputs. When the Enable input is active, 
(Low) data is routed from one particular multiplexer 
input to the outputs according to the 3-bit code applied 
to the Select inputs. When the Enable is inactive, (High) 
the Z output is Low and the Z output is High regardless 
of all other input conditions. 
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TYPICAL DELAYS |} StoZ 24ns 


Enable (Active Low) Input 1 UL EtoZ 14ns 
Ig to ly Multiplexer Inputs 1 UL ltoZ 9ns 
Multiplexer Output 10 UL PACKAGE 16 Lead DIP or Flatpak 
Complementary Multiplexer Output | 9 UL TYPICAL POWER 
DISSIPATION 135 mW 
INPUTS OUTPUTS 
E S92 S14 SO lo ly D) Ig l4 Is lg Iz Z Z 
H X X X KX KX K K KX K K XIAH L 
L b~ELE ELE L LEC XxX KX K KX KX KX XIH L 
L bL bLekLH XK KX KX KX X KX Xt H 
L bL tL H X LK K KX KX K KIH L 
L bL bL H X H XK XK XK KX XK XIL H 
L L H LE X KX L KX KX KX K XIH L 
ae ees L bL H LL X XK H K XK KX KX XIL H 
° Saioiiens L bL H H XK X KX L XK KX KX XIH L 
8-INPUT MULTIPLEXER L L H H X 4 4 H 4 xX xX xX L H 
Se L H bE LX KX KX KX LE KX K XIH L 
LH LE LE X X KX KX H K KX XI{L H 
L H bL H XX XK K K KX L KX XIH L 
LH tL H X XK XK XK XK H XK XIL H 
LH H LE X XK K K K KX L XIH L 
L H H bLX® XK K K KX KX H X{L H 
L H H H XK XK K KX K KX KX LIH L 
L H WH H X XK X X X X X HyJ|L H 


On the 9312, both the Z and Z outputs have a conven- 
tional TTL active pull up structure. On the 9313, the 
Z output has an open collector which simplifies multi- 
plexer expansion by Or-tying the Z outputs of several 
9313s. Since the Z output is generated by inverting the 
Z output, it is available as a TTL output even from an 
array of OR-tied 9313s. 


9312 8-INPUT MULTIPLEXER APPLICATIONS 


TIME MULTIPLEXING OR DATA ROUTING 


lOb '1b '!2b !3b 


loa 't1a '!2a I3a lob 1b '!2b '3b loa '1a '!2a !3a lob 1b !2b '!3b loa '1a !2a '!3a 


So 


9309 
DUAL 4-INPUT MULTIPLEXER 


DUAL 4-INPUT MULTIPLEXER DUAL 4-INPUT MULTIPLEXER 


Xo 
x4 
X2 
X3 
X4 
ENABLE 
Ig Iq I5 tg I7 
9312 8INPUT MULTIPLEXER 
e 
OUTPUT 
a. 32-INPUT MULTIPLEXING CIRCUIT 
O t 2w#e eee eee 
at SRERTERE SERRREaG GREREERE GRESahea 
E lo th l2 19 14 Is lg tz Eig ty Io 13 ta Is Ig ly E lo th le tg Ig tp Ig Wy E to ty tz 13 Ig $5 Ig t7 12 13 14 5 t6 I7 lo 


$y 9312 8 INPUT MULTIPLEXER 9312 8 INPUT MULTIPLEXER 9312 8-INPUT MULTIPLEXER 


OUTPUT 


b. 64-INPUT MULTIPLEXING CIRCUIT 


2 loalia l2a!3a 
0 


DUAL 4-INPUT MULTIPLEXER 


E 
10) 
9312 B INPUT MULTIPLEXER 
2 4 
2) 


lob '1b !2b I3b 


9309 


Alone, the 9309 and the 9312 permit time multiplexing 
of a maximum of four and eight data lines, respectively. 
By cascading these devices in two or more levels, the 
number of inputs can be increased. The circuit in a above 
shows two levels of multiplexers cascaded to implement 
a 32-input multiplexer with a delay of about 50 ns. It 
can be expanded to the 64-input multiplexer shown in 
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6 without adding delay. In the 32-input multiplexer, 
the 9312 Enable can be used to gate the selected data 
out. Note that the negative outputs are used at both 
levels to improve through delay. As indicated in the cir- 
cuit schematic, the assertion output is generated by re- 
inverting the negative output and is therefore slower. 


9312 MULTIPLEXER APPLICATIONS 


MEMORY 


DATA IN 


MUST GO HIGH FOR 


Y 
WRITE LINE ONE CLOCK TIME ONLY 


1/74 9002 
CLOCK 


cp 9300 
SHIFT REGISTER 
Q 


K 3 
ai lyk 
Ee 


E Ilo lh la Ig Iq I5 
So 


NOTE 1: 


SWITCH IS NORMALLY CLOSED 
PUSH BUTTON BAILING SWITCH 
OPEN BEFORE MAKE. 


A 9328 dual 8-bit shift register in conjunction with a 
9300 universal 4-bit shift register counter and a 9312 
8-input multiplexer, offers an 8-word-by-n-bit memory 
with parallel input and parallel output capabilities. 


A switch with eight push buttons is used to select the 
data word for the data output. The push button for this 
output, when depressed, allows enough clock pulses to 
the counter and shift registers to bring the selected word 
to the last position in the registers, thus providing that 
word as an output. In effect, the 9300 counter scans 
the 8-input multiplexer until a High is detected on a 


ig '7 


9312 8-INPUT MULTIPLEXER 


re we fe ee we eee 


Do Dy, 
1/29328 27 


8 BIT SHIFT 


D 
DG 
REGISTER 1g. 
MR 
@ 


Do Dj 
1/2 9328 97 


a cp 8 BIT SHIFT 
REGISTER 1 


) 
DATA OUT 


DATA OUT 


N REGISTERS 
———— 


9312 input (an open switch) which causes gate G1 to 
block the system clock. 


To write into any location, that location is selected by a 
push button, the desired data is furnished to the 9328 
inputs and the write line is held High for one clock per- 
iod. The High write line both releases the counter, 
shifts registers, and at the same time selects the paral- 
lel data in (in place of the recirculation output) as an 
input to the shift register. Expansion of this memory 
to any even number of bits is limited only by the drive 
capability of the write input and the clock. 


9312 8-INPUT MULTIPLEXER APPLICATIONS 


8-STEP CONTROL SEQUENCE 


PROGRAMMABLE 
INPUTS 
JUMP INPUT 


‘?) 
m 


PE“PouP4. Po. P32 
TC 
COUNTER 


9316 UP 
ie CET 
CP 
MR Qo Q1 Q?2 Q3 


BINARY 
0 — 
= C) 
lo 
cE = 


CLOCK INPUT 
START INPUT 
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9312 8-INPUT MULTIPLEXER 
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INITIATOR 9301 1/10 DECODER 
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| > FUNCTION - | 
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| > x FUNCTION -P | ae 
| | SOLENOID 
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REPEATED | 
| PERFORM FUNCTIONS | > INTERFACE 
STEPS 2-6 AMPLIFIER 
| — | DRIVER 
| | 
, SENSORS 
PERFORM O 
| > SONCHON: Le Me | MICROSWITCH 
l PHOTOCELL, 
PRESSURE 
ay a a cys a ee ee es pee _| SWITCH, ETC. 


In this circuit, the 9312 multiplexer is used as part of a 
control sequencer which steps through eight steps, each 
initiating a test. The controller advances only when the 
test result is positive. It can also cycle through any por- 
tion of the sequence or jump, conditionally or uncondi- 
tionally, to any other step. 


The 9316 counter is the modulo 8 program counter; 
its state is decoded by the Og - O7 outputs of the 9301 
which initiate the program steps. The counter also ad- 
dresses the 9312 multiplexer which acts as a receiver. 
When the 9312 input is Low, the test indicates that the 
program step is not yet completed. When the input is 
High, the test indicates completion of the program step. 


The active Low Start pulse initiates the sequence by re- 
setting the counter. This state is decoded and activates 
the 9301 Oo (step zero). This step lasts until the 9312 
Io is activated which in turn activates the count Enable 


input of the 9316 counter, causing it to advance on the 
next Low-to-High clock transition. The next decoder 
output is then activated and this state lasts until the 
9312 |4 is activated, etc. 


When the multiplexer inputs are tied High permanently, 
the sequencer advances to the next state on each sub- 
sequent clock pulse. Conditional or unconditional jumps 
can be made by activating the counter PE input with one 
of the decoder outputs and feeding the destination ad- 
dress into the counter’s programmable inputs. 


The system can be made asynchronous by using the Z 
output of the multiplexer as the clock source for the 
counter, which then advances whenever the multiplexer 
input goes from High to Low. This system is easily ex- 
panded to 16 or more control steps. 


9313 8-INPUT MULTIPLEXER APPLICATIONS 


DECADE MULTIPLEXER 


lo 4 la 13 I4 I5 le 7 


9313 8-INPUT MULTIPLEXER 
TTL OUTPUT 
@ 
@, 
DTL OUTPUT 
he 
e 


9962 or 9963 


This circuit provides a decade multiplexer with comple- a triple 3-input gate. This circuit makes use of the OR- 
mentary outputs and uses only two packages; a 9313 and tie capabilities of the 9313 Z output and the DTL gates. 


DIGITAL 32-INPUT MULTIPLEXER 


INPUTS 


cli 


E 19 14 !2 13 14 l5 16 |7 


ENABLE 


AQ SO 
Ay $1 9313 S 9313 
A» So 8-INPUT MULTIPLEXER 8-INPUT MULTIPLEXER 
A3 2 Z Z 
Aq e 
Ryx+ 
MEG 
MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 
This 32-input digital multiplexer uses the 9313 open and the Z output to drive one unit load. The True out- 
collector device with the Z outputs OR-tied. Up to seven put may be taken from any of the 9313 Z outputs. 


9313s can be wired-OR using a pull up resistor (2k{2), 


93150/74150 16-INPUT MULTIPLEXER 


DESCRIPTION AND OPERATION 


LEADS LOADING CHARACTERISTICS 


So.$1.S2.83 Select Input 1UL TYPICAL DELAYS : to : ns 
E Enable Input 1 UL oes nS 
| j | lItoZ 10ns 
Io through I75 Multiplexer Inputs 1 UL SREKNGE Sa See 
2 Multiplexer Output 10 UL ea or Flatpa 
TYPICAL POWER 
DISSIPATION 200 mW 


lg 17 Ig lg hho Wtahah3 ha lis 


Iy 2 13 14 I5 


93150/74150 
16-INPUT MULTIPLEXER 


Z 


INPUTS OUTPUT 
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DATA iNPUT DATA SELECT (BINARY) 
ENABLE Ig 14 Ip Ig 14 | ‘tg 7 Ig tg No Wd 42 413 44 NS So Sy $3 S2 
y YY Y Y 
Wy vIV{¥ 
a 
ett hth} tt 
Ne TT 
; cS 
SA A 
Ss | 
V 
OUTPUT Z 
The 93150/74150 16-input multiplexer can select one and appears inverted at the output. When the active Low 
bit of data from 16 sources. This data is routed accord- Enable is inactive, the multiplexer output is High, re- 
ing to a 4-input binary code applied to the Select inputs gardless of all other input conditions. 


93150/74150 16-INPUT MULTIPLEXER APPLICATIONS 


PATTERN GENERATOR 


©) 

PE Pg Py P2 P3 
9316 UP 
BINARY TC 


CEP 


CET 
cp COUNTER 
MR Qo Q1 OQ? 23 
e 


ENABLE 


Only two packages and sixteen single-pole, double-throw 
switches are used to implement at 16-bit pattern gener- 
ator. The operation is self-explanatory. When the enable 
switch is Low, the output is the complement of the par- 


15-KEY-TO-BINARY CODE CONVERTER 


PE Po Pi Pa P3 
CEP 
9316 UP 
CET BINARY 
CP 


COUNTER 


TC 
COUNTER 


MR Qo Q)1 Q2 Q3 


REGISTER 


TC 
COUNTER 
MR Qog Q1 Q2 Q3 


CLOCK 


OUTPUTS NO KEY 


DEPRESSED 


This scanning keyboard encoder generates a 4-bit binary 
coded output corresponding to the depressed key. The 
9316 modulo 16 counter runs continuously, stepping 
the multiplexer and searching for a Low input. When a 
key is depressed, the multiplexer output goes Low (via 
an inverter), activating the Parallel Enable input of the 
second 9316 used as a 4-bit register. The correspond- 
ing counter code is loaded into this register, and the 
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93150. 74150 
16-INPUT MULTIPLEXER 
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OUTPUT 


SYNCHRONIZED 
OUTPUT 


ticular input of the 93150 multiplexer being addressed 
by the 9316 binary counter. A re-synchronizer may be 
added (1/2 dual JK or D flip-flop) to eliminate any 
decoding spikes. 


KEYBOARD 


93150/74150 
16-INPUT MULTIPLEXER 


counter is reloaded with code zero. If several keys are 
depressed simultaneously, this encoder detects only 
the first one. Thus, it operates as a priority encoder and 
switch zero has the highest priority. When the keyboard 
is inactive address 15 selects the grounded input and the 
register inputs are all High. This state is internally de- 
coded and activates the TC output. 


MULTIPLEXERS AS FUNCTION GENERATORS 


In most digital systems there are areas, usually in the control 
section, where a number of inputs generate an output in a 
highly irregular way. In other words, an unusual function 
must be generated which is apparently not available as an 
MSI building block. 


In such cases, many designers tend to return to classical 
methods of logic design with NAND and NOR gates, using 
Boolean Algebra, Karnaugh maps and Veitch diagrams for 
logic minimization. Surprisingly enough, multiplexers can 
simplify these designs. 


@ The 9322 quad 2-input multiplexer can generate any four 


of the 76 different functions of two variables. 


@® The 9309 and 93153 dual 4-input multiplexers can gener - 
ate any two of the 256 different functions of three 


variables. 


The 9312, 93151, and 93152 8-input multiplexers can 
generate any one of the 65,536 different functions of four 
variables. 


@ The 93150 16-input multiplexer can generate any one of 


the over 4 billion different functions of five variables. 


If a function has a certain regularity, adders or a few NAND, 
NOR, AND, OR, exclusive-OR and inverter gates are possibly 
more economical. However, for a completely random func- 
tion the multiplexer approach is more economical, certainly 
more compact and flexible, and easier to design. 


Function generation with multiplexers is best explained with 
examples. An 8-input multiplexer such as the 9312 can ob- 
viously generate any possible function of three variables. The 
desired function is written as a truth table. The variables A, 
B, and C are applied to the Select inputs So, $1, and S5 and 
the eight inputs are connected to either a High or a Low level, 
according to the truth table. This method is simple, but 
inefficient. 
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L 
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The same function can also be generated by one half of a dual 
4-input multiplexer such as the 9309. For this purpose, the 
truth table is divided into four blocks as shown. Within each 


block, inputs A and B are constant, but output F can exhibit — 


any of four characteristics. 


@ Low for both input codes independent of C. 
@® High for both input codes independent of C. 
@ Identical to C. 
@ Identical to C. 


Therefore, the function can be implemented by a 4-input 
multiplexer, using the input variables A and B as Select inputs 
So and S1, and feeding the appropriate input with one of four 
signals: either a High, a Low, or the input variables C or C. 
The other half of the 9309 can be used to generate any other 
function of the variables A, B, and any third variable, not 
necessarily C. 
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9309 
DUAL 4 INPUT MULTIPLEXER 


F 
ANY FUNCTION OF A,B,D 
AND ITS NEGATION 


The same reasoning can be applied to a function of four 
variables: 
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An 8-input multiplexer such as the 9312 can generate any of 
the 65,536 (216) possible functions of the four variables A, 
B, C, and D. 
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93150/74150 
16-INPUT MULTIPLEXER 


A 16-input multiplexer like the 93150 can generate any of 
the more than 4 billion (232) possible functions of five vari- 
ables A, B, C, D, and E. 


MULTIPLEXERS AS FUNCTION GENERATORS 


FULL ADDER, FULL SUBTRACTOR 


FULL ADDER (A plus B plus Cyjqy) 
INPUTS OUTPUTS 
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DUAL 4 INPUT MULTIPLEXER 


SUM 


CARRY OUT 


A 9309 dual 4-input multiplexer can implement any two 
functions of three variables. Therefore, it canbe used as 
a full adder or as a full subtractor. These circuits demon- 
strate the versatility of the multiplexer as a function 


X OF Y PATTERN DETECTOR 


INPUTS 


1/2 9304 
FULL ADDER 


1/2 9304 
FULL ADDER 


S Co 


E lo ly la 13 Iq I5 Ig I7 
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Ss 
poe $1 9312 8-INPUT MULTIPLEXER 


3 of 6 


The detection of a specific number (or a specific set) of 
ones among many inputs is a common design problem, 
particularly with error correcting codes and when read- 
ing parallel data from multitrack digital tape decks and 
discs. A straightforward gate-minimized design is quite 
complex and usually inefficient. Multiplexers or adders 
can simplify such designs to some degree, but the most 
cost-efficient design uses a combination of both. 


These designs use Full Adders to reduce the number of 
inputs to four variables, and then use an 8-input multi- 
plexer to generate any desired function of these four vari- 
ables. The result is an output which is High for a speci- 
fied number (or specified set) of High inputs. 


generator. 
9383 4-bit adder are more efficient circuits for adding 
several bits in parallel. 


FULL SUBTRACTOR (X minus Y minus Byj)) 
INPUTS OUTPUTS 
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DUAL 4 INPUT MULTIPLEXER 


DIFFERENCE 


BORROW OUT 


However, the 9304 dual full adder and the 


INPUTS 


Cc B A 


1/2 9304 
FULL ADDER 
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FULL ADDER 
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$1 9312 8-INPUT MULTIPLEXER 


1/2 9304 


z z 
FULL ADDER Y 


3 or 4 or 5 or 6 of 8 


In the first example, two MSI packages (9304 + 9312) 
generate a High output when three (and only three) of 
the six inputs are High. 


In the second example, three MSI circuits generate a 
High output when 3, 4, 5 or 6 of the eight inputs are 
High. 


This combination of adders and multiplexers reduces 
package count to less than half of the equivalent conven- 
tional implementation. It also makes this circuit easily 
programmable for the detection of different patterns. 
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DECODER SELECTION GUIDE 


*One Enable Active High 
**80 mA at VOL 
***Outputs Active High 


Function Device 


Dual 1-of-4 | 9321 
93L21 
93S139 
93155,74155 
93156,74156 
1-of-8 9301 
93L01 | 
9302 | 
9345,7445 
93145,74145 
9352,7442 
93S138,74S138 
9334 | 
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1-of-16 9311,74154 ; 17 175 
93L11 48 58 


9301 4 (BCD) ; 
93L01 4 (BCD) ; 
9302 4 (BCD) 
9345/7445 4 (BCD) : 
93145,74145 4 (BCD) 
9352,7442 4 (BCD) 
9353,7443 4 (Excess-3) ; 
o| 


DECODERS 


INTRODUCTION 


There are two categories of decoders, logic decoders and 
display decoder/drivers. Logic decoders are MSI devices 
controlled by an address. They select and activate a particu- 
lar output as specified by the address. Display decoders and 
display decoder/drivers generate numeric codes such as 7- 
segment and then provide the codes to a driver or drive the 
displays directly. 
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Logic decoders are the type discussed here and are available 
in many configurations as indicated by the selection guide. 
Logic decoders are used extensively in the selective address- 
ing structures of memory systems. They are also used for data 
or clock routing, demultiplexing and can also act as minterm 
generators in random and control logic. 


9321 DUAL I-OF-4 DECODER 


DESCRIPTION AND OPERATION 


LEADS LOADING 


Decoder 1 and 2 


E Enable (Active Low) Input 1 UL 
Ao: Ay = = Address Inputs 1 UL 
01, 04, O97, O3 (Active Low) Outputs 10 UL 


E 


E Ao Al Ao Aj 


V2 9321 
DECODER 


V2 9321 
DECODER 


Og 01 0 03 Op 04 0 03 


m| 


The 9321 is two separate decoders, each designed to 
accept two binary weighted inputs and provide four 
mutually exclusive active Low outputs as shown in the 
logic symbol. Each decoder can be used as a 4-output 
demultiplexer by using the Enable as a data input. 


2-4 


CHARACTERISTICS 


TYPICAL DELAY A to Output 22 ns 
E to Output 15 ns 


PACKAGE 16-Lead DIP or Flatpak 
TYPICAL POWER 
DISSIPATION 150 mW 


TRUTH TABLE 


E Ao A, O 1 2 3 
H Xx X H H H H 
L L L ob HHH 
L H L oH LH H 
Li L H HH L H 
L H H H HHL 


Ay 02 


mj 


Depending on the number of address bits that are 
changing simultaneously, the delay from address to out- 
put is equivalent to either two or three gate delays. The 
delay from Enable to output is always two gate delays, 
typically 15 ns. 


9321 DUAL 1-OF-4 DECODER APPLICATIONS 


DECODING 


DATA INPUT 


WRITE 
ENABLE 


93403 
MEMORY 
16W x 4B 


93403 
MEMORY 
16W x 4B 


93403 
MEMORY 
16W x 4B 


93403 
MEMORY 
16W x 4B 


Oo 01 02 03 


Oo 01 O02 03 Og 01 O02 03 O09 01 02 03 
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1/2 9321 
Oo 01 02 03 
Sogo oO 
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DATA 
OUTPUT 


Vcc 
Ag Ai Az A3 Aq As 
WORD ADDRESS 
The most obvious use of the 9321 is in logic decoding memory address and to enable the appropriate memory 
and memory addressing. As shown, the decoder sup- units. The four least significant bits are decoded on the 
plies the extra decoding necessary to address a word 93403. The high fan out capability of the 9321 allows 
in a 64-word semiconductor memory. One 1-of-4 de- it to drive ten 93403 memory units with a word length 


coder is used to decode the two most significant bits of of 40 bits without additional buffers. 
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9321 DUAL 1-OF-4 DECODER APPLICATIONS 


1-of-64 DECODER 


E Ao Ai 


V2 9321 
DECODER 


O9 9) 02 93 
© O) 


9311 1/16 DECODER 9311 1°16 DECODER 9311 1/16 DECODER 9311 1/16 DECODER 


O09 01 02 03 04 05 06 07 0g 0901904 1072013014015 Oo 01 O02 03 04 05 06 07 0g 0901901104 2033014015 O09 04 02 03 04 05 06 07 0g0g01901 1012013014015 Oo 01 02 03 04 05 06 07 0g 0907901101 2013014015 


0 16 31 32 47 


The 9321 can be used to make a 1-of-64 decoder out 9311 decoder. The dual AND Enable of the 9311 per- 
of four 9311 1-of-16 decoders. Each of the four 9311s mits the use of one Enable for selection and the other 
shown is selected by one of the 9321 decoder outputs. for strobing. It is preferable to frame decoder address 
Thus, the two most significant bits are decoded by the changes at the last level for higher Enable switching 
1-of-4 decoder and are used to select the appropriate speeds. 


DEMULTIPLEXING 


DATA SOURCE 


Ao 
ADDRESS 
A 


Ao Aj E Ao At 


1/2 9321 1/2 9321 
DECODER DECODER 


DATA TO DESTINATION 


The 9321 can be used as a demultiplexer, routing data input — Low when the Enable is Low and High when the 
from a single source to a destination chosen by the ap- Enable is High. Demultiplexing can be employed for 
plied address. The data is applied through the Enable either data routing or clock distribution. A 2-bit data 
and routed without inversion to the output specified demultiplexer is shown. Two bits of active Low data 
by the address inputs Ag and Ay. All unselected out- are routed to the outputs selected by the applied ad- 
puts remain High. For example, with both address in- dress as shown in the table above. 

puts High, output 3 follows the state of the Enable 
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9321 DUAL 1-OF-4 DECODER APPLICATIONS 


4-PHASE CLOCK GENERATOR 


Ao A 


V2 9321 
DECODER 


91 9294 93 
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Clock demultiplexing for clock distribution and genera- 
tion is readily accomplished with the 9321. This is a 
4-phase clock generator producing non-overlapping 
clock pulses for TTL circuitry or to drive MOS circuitry 
through interfaces. Note that the Enable is used as the 
clock input, eliminating glitches by framing address 
changes which occur when the flip-flops, registers, or 
counters change state on the rising clock edge. 
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FUNCTION GENERATION 


Ag Ay 


1.2 9321 
DECODER 


Op 0; 07 03 


PE Po Py P2 P3 


9310 UP 
DECADE TC 
COUNTER 


MR Q9g Q1 Q2 Q3 


Each half of the 9321 generates all four minterms of 
two variables. These four minterms are useful in some 
applications, replacing logic functions and thereby re- 
ducing the number of packages required in a logic net- 
work. Gate functions which the 9321 can replace are 
shown in a above; b illustrates a nines complement cir- 
cuit utilizing these gate functions. 


9301 AND 9352/7442 DECODER 


DESCRIPTION AND OPERATION 


LEADS LOADING 
Ag, A1, Ag, Ag | Address Inputs 1 UL 
0to9 Outputs (Active Low) 10 UL 


Ao 


A, A2 


CHARACTERISTICS 


TYPICAL DELAY A to Output 22 ns 
PACKAGE 16 Lead DIP or Flatpak 
TYPICAL POWER 

DISSIPATION 145 mW 


A3 


9301, 9352/7442 


Oo 01 O2 03 04 Os 0g 07 Og Og 


03 


00 0; 


The 9301 and 9352/7442 1-of-10 decoders are high 
speed, complex function integrated circuits suitable 
for use in high speed digital equipment. These de- 
coders have four inputs which act as an address to pro- 
duce an output at the corresponding output terminal. 
They have high speed and excellent noise margins 
with reasonable power consumption and are com- 
patible with other Fairchild MSI/TTL and DTL inte- 
grated circuits. With applications in a large number of 
areas, they considerably reduce integrated circuit pack- 
age count, simplify packaging and increase system 
reliability. 


The 9301, 9352/7442 1-of-10 decoders accept four 
active BCD inputs and provides ten mutually exclusive 


Pes © cs ae a eee 
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06 


active Low outputs. All outputs are High when binary 
codes greater than nine are applied to the inputs. 


The most significant address input Ag acts as active 
Low Enable or active High Inhibit input when the circuit 
is used as a 1-of-8 decoder or it can be used as the data 
input for a 8-output demultiplexer. Depending on the 
number of address bits that are changed simultaneously, 
the delay from address to output is equivalent to either 
two or three gate delays, typically 16 or 23 ns. 


When the 9301, 9352/7442 are used as 1-of-8 de- 
coders or demultiplexers, the three address inputs Ao 
~ Ag can be interchanged and/or considered active Low, 
provided the outputs are relabeled appropriately. This 
may simplify printed circuit board layout. 


9301 AND 9352/7442 DECODER APPLICATIONS 


ADDRESS DECODING 


Og O71 
O 


i) 


ADDRESS 


ENABLE 
OR DATA INPUT 


1/10 DECODER 
9301, 9352/7442 


Og 01 02 03 04 O05 06 07 Og Og 


Xo Xi X2 


2 


1 10 DECODER 1 10 DECODER 1 10 DECODER 1 10 DECODER 


O02 03 04 O05 06 07 Og Og Og 0; 02 03 04 O5 0G 07 Og Og 


Og 0; 02 03 04 Os 06 07 Og OQ 
OgQjogdoggoeddd”D OY 


7 8 23 24 3 


PE Po Pi P2 P3 


9300 
CP SHIFT REGISTER 


1/10 DECODER 


Oo 01 02 03 0q O05 06 07 Og OQ 


TO ADDRESS LINE 


X3 Xq—X5_CINHIBIT “ENABLE 


O9 01 02 03 04 O5 06 07 Og Og 
Ogogdoggoedgad=~dO QO 


1 10 DECODER 


Oo 0; O2 03 04 O5 06 07 Og 
Ood000 0 


i 


32 


O09 01 02 03 
) O 


Og 


1 10 DECODER 


1 10 DECODER 110 DECODER 1 10 DECODER 


O4 Os 06 07 Og Og 
Ododdod0 oO 9 


Oo 01 O02 03 04 Os 06 07 OB OQ 
OgQogggagedad=d VY 


Og 0; 02 03 04 Os OG 07 Og Og Og 0; 02 
Ogoggdgogdagdagr£nd0aeo >gyd Oo OoOdyUdgdosd dg 


39 40 47 48 55 56 


DECODED OUTPUTS 


The 9301, 9352/7442 can be a 1-of-10 decoder, or a 
1-of-8 decoder with Inhibit by using the Ag input as 
a control line. Thus it can be considered a 1-of-8 de- 
coder with active Low Enable or an 8-output demulti- 
plexer using the Ag input as data input. Note that all 
non-addressed outputs are High. 


One method of decoding four binary digits to produce 16 
outputs is shown in } above. A 9300 shift register holds 
the input variables with the most significant digit of the 
binary word on the right. The shift register has active 
High outputs from all stages as well as an active Low 
output from the last stage. The first three outputs of 
the register are inputs to the AgAjA9 terminals of 
the decoders. The active High output of the last stage 
of the register is the Ag input to the first decoder. The 
active Low output is the A3 input to the second de- 
coder. The outputs of the decoders drive inverting 
power gates which supply the fairly high currents re- 


Cc. 
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quired for addressing a memory of reasonable size. 
Alternate outputs (0’, 1’, 8’ and 9’) are available from 
the unused decimal outputs of the decoders. 


A 1-of-64 decoder (c above) can also be made by using 
several decoders. The three most significant bits of 
the input address are decoded in the first decoder to 
produce eight outputs which are then used as gating 
signals. The three least significant address bits are 
inputs to the AgA,Apz terminals of a bank of eight 
decoders. Each decoder in the bank is selected by the 
appropriate output of the first, or gating, decoder via 
the A3 input terminal. This design can be extended to 
produce a 1-of-80 decoder by having four most signifi- 
cant address bits and by using the two outputs 8 and 9 
from the gating decoder to control two additional de- 
coders. This basic idea of using one or more decoders 
to select more decoders can be extended to decode even 
larger addresses. 
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9301 AND 9352/7442 DECODER APPLICATIONS 


DEMULTIPLEXING 


ADDRESS 


Xo X4 X2 DATA 


Ago At A2 A3 


1/10 DECODER 


Oo 01 O2 03 04 O5 0G 07 Og Og 


O12 3 45 67 0°41 


DATA OUT 


ADDRESS 


X3 X4 


Ao 


Aj A2 A3 


1/10 DECODER 


DATA INHIBIT 


Og 07; 02 03 04 Os 0G 07 Og Og 


1/10 DECODER 


1/10 DECODER 


O90 9071 O2 O83 Oq O5 OG 07 Og Og 
OvgQogggqaQgaaagai da 


Oo 971 O02 03 Oq4 O05 0G O07 OB Og 
UV OqQogqgegqgedqdgagdd dg SQ 


0 7 8 15 


ADDRESS 
OUTPUT 
SELECTED 


Xo X1 X2 


O 
1 
O 
1 
O 
1 
O 
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1 10 DECODER 1/10 DECODER 


Og 07 O2 03 O04 O5 OG 07 OB Og 
Ogogogegqageagadad aga Q 


Og 01 02 03 04 O5 0G 07 OB Og 
00000 0 6 O OO 


16 23 24 37 


DATA OUTPUTS 


The 9301 and 9352/7442 decoders can be used as 8- 
output demultiplexers. The first three inputs select the 
appropriate output; the logic level of the signal on the 
Az terminal determines its polarity. Therefore, data on 
the Ag input is switched to the output terminal selected 
by the address, AjA,A5. The last two outputs, 8 and 
9, are the complements of the first two outputs, O and 1: 
note that data is not inverted when switched from the 
A3 terminal to the selected output. The Ag input 
of the decoder can also be used as a data input. In this 
mode, the Ag terminal becomes an active High Inhibit 


and inputs Ag and Aj are a 2-bit address. Decoder 
outputs O, 1, 2 and 3 are the assertion outputs of the de- 
multiplexer and decoder outputs 4, 5, 6 and 7 are 
corresponding complements. 

The multistage decoding scheme can also be used for de- 
multiplexers requiring a large number of output chan- 
nels. This design shows a 32-output demultiplexer. 
One decoder has two inputs to produce four active Low 
outputs, which are then used to select one of other four 
decoders. The remaining inputs of the first decoder are 
used as Data and Inhibit inputs. 


9301/9302 AND 9352/7442 DECODER APPLICATIONS 


MINTERM GENERATION 


Xo x4 X2 X3 X Y B ENABLE 
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Al A2 A3 


1/10 DECODER 
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SINGLE ONE DETECTOR DIFFERENCE BORROW 


E@ (X minus Y minus B) 
a. b. 


The 9301 and 9352/7442 decoders can function as See the Multiplexer section for use of multiplexers as 
active Low output minterm generators producing the function generators. 
first 10 minterms of the 16 possible from four variables. 


The appropriate minterms can be summed with the use The circuits above show 


of an active Low input OR. a) a single one detector (output F is High whenever one 
This technique is suitable for all types of control, se- and only one of the Xqg - Xg inputs is High) and 
quencing, and decoding logic, and can considerably b) a gated full subtractor generating the Difference 
simplify the problem of generating a required sequence and the Borrow outputs of variables X, Y and B 


of outputs on a set of lines. when the Enable input is Low. 


INPUT-OUTPUT TABLE 


INPUT CODE 


Ag Ay Ag Az} 912345 6 7 8 9 101112131415 
1 2 4 81;012345 67 8 
1 2 8 41012389 4567 
1 4 8 2;01 89 2 3 4 5 6 7 
2 14 80213465 7 8 9 
2 1 8 4,021 3 8 9 4657 
2 4 8 1;,;0819 2 3 4 5 6 7 
4 1 2 8;0246135 7 8 9 
4 1 8 2;02 8 13 9 46 5 7 
4 2 8 1108 2 19 3 4 6 5 7 
8 1 2 41,0246 8 13. 57 8 
8 1 4 2;,02 8 46 3.9 5 7 
8 2 4 1108 2 4 6 dt 2953 5 7 
INPUTS APPLIED OUTPUTS ACTIVATED 
The 9301/9302 decodes 10 of the possible 16 min- the 1248 input signals to the Ag - Ag address inputs. 
terms of the four variables applied to the inputs Ag - Interconnection of outputs can generate many different 
A3. The table above shows how different groups of min- functions of four variables. 


terms can be decoded by changing the assignment of 


9302 1-OF-10 DECODER 


DESCRIPTION AND OPERATION 


LEADS LOADING CHARACTERISTICS 
Ao, Ay, Az, A3 | Address Inputs 1 UL TYPICAL DELAY A to Output 22 ns 
0to9 Outputs (Active Low) 10 UL PACKAGE 16 Lead DIP or Flatpak 
Open Collector TYPICAL POWER 
DISSIPATION 145 mW 


Ago Ai A2 AZ 
9302 


Og 071 O2 03 04 O5 Og 07 Og Og 


The 9302 is functionally and lead identical to the 9301 can therefore be wired together to simplify function 
1-of-10 decoder, but has open collector outputs. These generation and provide output bussing. 


9302 1-OF-10 DECODER APPLICATIONS 


A SCANNING THUMBWHEEL SWITCH ENCODER 


a ALTERNATIVE BCD ENCODER USING | 
TWO DTL GATE PACKAGES 
1N916 


ENABLE 


DECADE 
INPUT 
ADDRESS 


9302 
1/10 DECODER DTL GATES 9930 or 9961 
09 01 02 03 0405 06 0708 09 10.POSITION SINGLE POLE L————~———————--~-—--- — 


TO OTHER a 
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NOT REQUIRED 
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Thumbwheel switches are becoming increasingly popu- The system described here requires no diodes and uses 
lar for remote programming of counters, displays, in- standard, low cost, single pole decade switches. The ten 
dustrial control systems, etc. To reduce the number of outputs are bussed to a simple encoder that generates 
interconnections between the switches and the destina- the code required; the schematic shows BCD nines com- 
tion, it is desirable to use multiplexing techniques. Ten plement is equally simple. 

decades of BCD thumbwheel switches unmultiplexed 

would require > 40 interconnections, while a multi- The wiper arm of each switch is separately addressed by 
plexed system requires < 20 interconnections. the active Low output of the 9302 open collector de- 


coder. Nine pull up resistors at the encoder inputs 
insure proper noise immunity. Open collector decoder 
outputs are required since two or more switches might 
be in the same position, thus interconnecting several 


The conventional method of multiplexing uses BCD (or 
any 4-bit code) thumbwheel switches, each with a diode 
in series with the four outputs. These are connected to 


four parallel bus lines to the system output. The wiper decoder outputs. The address applied to the decoder 
arm of each switch is then selected from a decoder. determines which switch is addressed; its position 
Since the code is generated by the switch, this conven- appears at the outputs of the four NAND gates. This 
tional system requires different thumbwheel switches system uses fewer and simpler parts and fewer solder 
for different codes, some of which are considerably joints than a conventional system, providing improved 
more expensive than others e.g. nines complement. reliability. 


9345/9352/9353/9354 1-OF-10 DECODERS 


DESCRIPTIONS 


Ao 


Ay A2 ENABLE 


Ao Aj A2 A3 


9345 1/10 DECODER 


Oo 01 O02 03 04 O5 Og O07 Og Og 


ONE-OF-EIGHT DECODER/SOLENOID DRIVER 


The 9345/7445 and the 93145/74145 are 1-of-10 
decoders with open collector outputs that can sink 
more current and withstand more voltage than the 9302. 


These decoders accept BCD inputs on the Ao - Ag ad- 
dress lines and generate ten mutually exclusive active 
Low outputs. When an input code greater than nine is 
applied, all outputs are off. These devices can thus be 
used as 1-of-8 decoders with active Low Enable. 


Both devices can sink 20 mA while maintaining the 
Standardized guaranteed output Low voltage (Vo, ) of 
0.4 V, but they can sink up to 80 mA with a guaranteed 
Vo_ of less than 0.9 V. 


The 9345/7445 has an output breakdown voltage of 
30 V, while the 93145/74145 has an output break- 
down voltage of 15 V. These devices are ideally suited 
as lamp and solenoid drivers. 


A2  A3_ (BCD CODE) 


Ao Ay A2 A3 
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ONE-OF-TEN DECODER/LAMP DRIVER 


The 9352/7442 is a 1-of-10 decoder, logically identi- 
cal to the 9301 but with different lead assignment and 
somewhat slower. 


The 9353/7443 is an Excess-3 to 1-of-10 decoder that 
accepts Excess-3 coded inputs (binary range 3 through 
12) and generates ten mutually exclusive active Low 
outputs. 


The Excess-3 code is used in decimal arithmetic be- 
cause of its self-complementing feature (the bit-wise 
complement of a number is also the nines complement) 
which simplifies subtraction. 

The 9354/7444 is an Excess-3 Gray code to 1-of-10 
decoder that accepts Excess-3 Gray coded inputs and 
generates ten mutually exclusive active Low outputs. 
The Excess-3 Gray code is used in decimal position en- 
coders, since it retains the characteristics of a Gray 


code (only one bit changes between adjacent states) 
even on the change between 9 and O. 


DECODER OUTPUT STATES FOR COMMONLY USED INPUT CODES 


DECIMAL VALUE 


INPUTS 


BCD — 9301, 9352 TTL Outputs 
9302 Open Collector Outputs 
9345, 93145 High Current, High 
Voltage, Open Collector Outputs 


EXCESS-3 9353 TTL Outputs 
EXCESS-3 GRAY 9354 TTL Outputs 


ACTIVE OUTPUTS (LOW) 


This is a consolidated truth table for all Fairchild TTL 
1-of-10 decoders. A given set of inputs activates dif- 


ferent output leads depending on decoder types used, 
BCD, EXCESS 3, or EXCESS-3 Gray. 


9311 1-OF-16 DECODER 


DESCRIPTION AND OPERATION 


LEADS LOADING 
AoA “A7,A3 Address Inputs 1 UL 
Eo.Ey AND Enable (Active Low) Inputs | 1 UL 
Oto 15 (Active Low) Outputs 10 UL 
HIGH LEVEL ADDRESS INPUTS 
Ao A, A2  A3 
9311 1/16 DECODER 
Oo 01 02 03 04 05 0G 07 0g 0904901 1012013014915 
Eo Ey 
AND/OR ENABLE 
1/2 9005 nat 


ADDRESS 


Ao 


Ai A2 A3 


9311 1/16 DECODER 
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The 9311 is a 1-of-16 decoder with two active Low 
Enables in a 24-lead Dual In-Line package. All leads 
are used to provide maximum flexibility and function- 
al capability. It has buffered inputs to reduce input 
loading and uses NAND gates to produce the 16 possible 
outputs from four address inputs. One particular out- 
put goes Low when its address is applied to the inputs 
Ag - Ag and both Enable inputs are Low. This 2-input 
active Low Enable gate increases logic flexibility. The 
9311 can be controlled by other decoders or gates and 
still retain an overriding active Low Enable input, or a 
matrix of 9311 can be controlled by two decoders or 
NAND gates, one in the x, the other in the y direction. 


Depending on the number of address bits that are chang- 
ing simultaneously, the delay from address to output 


Mei 
ele 


CHARACTERISTICS 


TYPICAL DELAY A to Output 21 ns 


E to Output 17 ns 


PACKAGE 24 Lead DIP or Flatpak 
TYPICAL POWER 
DISSIPATION 175 mW 


LOW LEVEL ADDRESS INPUTS 


9311 1/16 DECODER 
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is equivalent to either two or three gate delays. The 
delay from Enable to output is always two gate delays, 
typically 14 ns. The four address inputs have 16 dif- 
ferent states, each activating one particular output. 
The logic symbol is normally drawn for active High ad- 
dress inputs, but it can equally well be drawn for active 
Low address inputs, in which case the outputs have to 
be relabeled as shown. 


The 2-input active Low Enable AND gate can also be 
considered a 2-input active High Inhibit OR-gate. Logic 
power of the active Low AND Enable gate is shown. 
The decoder is enabled only during an AND/OR condi- 
tion. The remaining input on the AND Enable gate can 
then serve as an active Low strobe signal. 


9311 1-OF-16 DECODER APPLICATIONS 


ADDRESS DECODING 


POWER DRIVER 


TO ADDRESS LINE 


Address decoding is one of the prime applications of 
the 9311 decoder in core, thin film, and semiconductor 
memory systems. The decoder does not normally have 
enough drive capability to drive memory elements 
directly. Therefore, some form of buffer is often used 


1-OF-32 DECODER 


STROBE 


9311 1/16 DECODER 
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Several 9311 decoders can be operated together to de- 
code words of more than four bits; the example above 
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9311 1/16 DECODER 
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TO OTHER DRIVERS 


TC 


between the decoder outputs and the memory cells. 
Since these buffers are generally inverting units, the 
active Low level outputs of the decoder are an advantage. 
The address decoder above uses a 9316 4-bit binary 
counter as a holding register. 
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shows two 9311 decoders decoding five binary digits. 


9311 1-OF-16 DECODER APPLICATIONS 


LARGE ADDRESS DECODING 


STROBE 


9311 1 16 DECODER 


ADDRESS 


Xq M5 XG 


=I Tre 


93111 16 DECODER 
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The decoding scheme in a uses a 9301 1-of-10 de- 
coder to select a particular 9311. The address inputs of 
the 9301 represent the three most significant address 
bits and the address inputs of the 9311 decoders com- 
monly represent the four least significant address bits. 
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A 7-bit binary address is decoded to 128 output lines, 
and the second AND Enable input is used as a strobe. 
An even larger 1-of-1024 decoding scheme, using an 
XY matrix approach, is shown in 8. 
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OUTPUTS 

A 9311 decoder can select a particular bipolar read the outputs of common digits OR tied. An output from 
only memory from a group of memories (93434s) the 9311 can drive up to ten 93434 memories, allow- 
comprising a complete stack. A single 9311 can control ing control of a 512-word x 80-bit memory or 40,960 
a group of 16 of these memories. Each memory contains bits of information with a single decoder. 


256 bits arranged in a 32-word x 8-bit format, with 


9311 1-OF-16 DECODER APPLICATIONS 


READ/WRITE MEMORY CONTROL 
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TO MEMORY CELLS 3 TO 16 


Another memory configuration incorporating the 9311 
decoder is built around the 93435 16-word x 4-bit read/ 
write memory. The design shows a typical semicon- 
ductor memory stack of 160-words x 40-bits. The 
93435 is a linear select device requiring both active 
high inputs and inverting buffers between the decoders 
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and memory cells as shown above. Since the decoder 
outputs can drive ten inverters, and each of these can 
drive ten 93435 memories, a single 9311 with a 9301 
can control a fairly large semiconductor random access 
read/write memory. 
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DECODING AND ENCODING 
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The 9311 decoder can decode any 4-bit weighted or 
unweighted code simply by selecting the appropriate 
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The 9311 1-of-16 decoder can be used in a scanning 
switch encoder. A 9316 modulo 16 free running syn- 
chronous counter is decoded by the 9311, and 16 push- 
button switches are connected to its outputs. The clock 
is connected to the Enable inputs to prevent output 
glitches when the counter outputs change after the 
rising clock edge. This scheme assumes that only one 
switch can be activated at a time. The common point of 
all switches is normally High, going Low when the posi- 
tion of the activated switch is decoded, which loads the 
counter contents into the synchronous holding register, 
another 9316 counter used in parallel load mode. 
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outputs in the desired sequence. Decoding for several 
well-known 4-bit codes is shown above. 
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When it is possible for several switches to be activated 
simultaneously, it is better to take a different approach 
using a 16-input multiplexer controlled by a free running 
counter. The output of the multiplexer controls the 
loading of the counter contents into the synchronous 
holding register, consisting of another 9316 used only 
in the parallel load mode. The counter stops whenever 
a closed switch is decoded, thus ignoring further switch 
closures until the first switch has been released. This 
feature is called 2-key roll over. 
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The 9311 decoder can select a particular output under 
the control of an address; and the active Low Enable 
can be used as a data input that is routed to a specified 
output under control of the address input. If the address 
configuration selects output zero, then this output goes 
Low if the AND Enable is active, and High if it is in- 
active. Therefore, when data is inserted into one input 
of the active Low AND Enable gate, it is switched to 
the output under control of a strobe present on the 
other AND input. Thus, the decoder performs a demulti- 
plexing function. Note that all unselected outputs are 
High. 


2-21 


CLOCK DEMULTIPLEXING 
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Many applications of this demultiplexing principle are 
possible; that above shows the 9311 decoder serving 
as a clock demultiplexer. Under control of the address, 
the clock is routed to the appropriate register or counter. 
If the address to the decoder changes after the Low- 
to-High clock transition, there are no glitches or spikes 
on unselected outputs. 
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SINGLE-MASTER/MULTIPLE-SLAVE FLIP FLOP 
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REGISTER 1 


This application uses the 9311 decoder to control a 
group of latches working as a single-master/multiple- 
slave flip flop. When the clock is High, information 
from a parallel set of busses is entered into the master 
latches. When the clock line is Low, this information 
is transferred to the appropriate slave latch addressed 
by the decoder. Two dual latch blocks function as mas- 
ters to share the load to drive the 16 slave registers. 


COUNTER 


¥ 
E 


Ao 


| et 
é PE Po Pi Po P3 


9316 UP 
BINARY 
COUNTER 


MR Qo Q1 Q?2 Q3 


9316 UP 
BINARY 
COUNTER 


MR Qo Q1 Q2 Q3 


TC 


A programmable counter can be designed using a 9311 
decoder that counts in modulo 2", where n is the pro- 
grammable input. Shown above is a 9311 decoder and 
four 9316 binary counters capable of counting up to 
215. The input n drives the selected output Low so 
that when a parallel load occurs, all Highs are written 
into the register except at the stage represented by 
the address n. The counter counts pulses and reaches 
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Alternatively, inverting buffers could be placed be- 
tween the master and slave for loading purposes but 
this would cause additional delay. Since each decoder 
output can drive 10 latch blocks, the circuit shown can 
be extended to 40-bit words. This multiple slave method 
offers considerable hardware savings compared to a 
register approach in which each register contains its 
own individual master/slave latches. 
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the condition 0000111111111, at which point, the ter- 
minal count of the last stage goes High. Ater 14 ad- 
ditional pulses bring the total to 2"-1, the three remain- 
ing inputs to the 9004 gate are High, and the next clock 
pulse reloads the counter to its original condition. The 
circuit therefore performs as a 2" programmable 
divider. 
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DIGITAL DISPLAY SYSTEM SELECTION GUIDE 


Fairchild Type Of Outputs 
Display Manufactu rer Circuit Decoder Active Volts Remarks 


Gas Discharge ZM 1000 —— Amperex — Sitar R.1. 9315 O—65 Direct Drive 
(7441) or Multiplexed 

1-of-10 Burroughs —= Plainfield, N.J. 93141 Lg. All Drive Directly 
(Nixie* Type) oe (54141/ 

(All cold cathode) NL5750, , . cas 

NL 940, etc. i National Electronics — Japan 74141) 
Raytheon — Quincy, MA. 
9307 7-Segment High Logic Levels Requires Discrete 
10 Units Loads 


Transistor Interface 
9301 Logic Levels 
10 Unit Loads 
(16 mA Sink) 


Panaplex —— Burroughs — Plainfield, NJ. 


Gas Discharge 


7-Segment SP Series —— Sperry — Scotsdale, AZ. 


Direct Drive 


National Electronics — Japan or Multiplexed 


Elfin — Alco — Lawrence, MA. 


Incandescent 
1-of-10 


(Projection 
Displays) 9302 Low 7 16 — Open Collector 
9345 Low 30 80 — Open Collector 
(7445) 
93145 15 80 — Open Collector 
(74145) 
Incandescent Dialight — Brroklyn, N.Y. 7-Segment Low 20 40 
7-Segment Appollo —— Diametrics — Torrance, CA. 7-Segment Low 30 20 
EOF OMAN: Er 7-Segment | Low 30 20 
James Electronics — Chicago, IL. ADEE 
Luminetics — Pompano Beach, FL. Directly 
Mesa — Bristol, PA. 15 20 
Pinlight — Fairfield, N.J. 
Numitron —— RCA — Harrison, N.J. 7-Segment Low 7 25 — Contains Input 


Readouts — Del Mar, CA. Latches 


Minitron 


LED FND 10 —— Fairchild Optoelectronics — 7-Segment Requires 
Palo Alto, CA. Current 
Common Cathode : rae 
7-Segment 19 — Contains Input | Limitin 
5 to 15 mA/ is = g 
O m MAN 3 Monsanto eupernn’: CA tatehes Bcisiaee 

Segment MOR 33 —— Motorola — Phoenix, AZ. 

HP 5082 —— Hewlett-Packard — Palo Alto, CA. 7-Segment 50 = Multiplex Apolieations 

7200 Series Hewlett-Packard — Palo Alto, CA. Contains Input Latches 
15 - 20 mA/ R7M Elite Bowmar — Canada 7-Segment 19 — Requires Current ] Contains 
Segment Limiting Resistors | Input 

FND 70 — Fairchild Optoelectronics — 7-Segment 19 — Drives Directly Latches 

Palo Alto, CA. 

LED Data Lite 6 7-Segment 40 Requires Current 
Common Data Lite 8 Litronix — Cupertino, CA. 7-Segment Low 30 20 Limiting Resistors 
Anode 

Data Lite 10 

7-Segment Low 30 20 

meet i= Monsanto — Cupertino, CA. 

MAN 1001 

SLA 1-4 Opcoa — Edison, N.J. 2 rae) 

TIXL 301 

i Texas Instruments — Dallas, TX. 
TIXL 302 7-Segment Low 7 25 — Contains Input Latches 


7730 Series Hewlett-Packard — Palo Alto, CA. 


GE Y1938; General Electric — Owensboro, KY. | 9307 7-Segment High 
Y4075; 

Y4102,05 

Legitron DG10,—— Legi Electronics — L.A., CA. 

12H, 19C (Iseden — Japan) 

NEC DG12E/ 

LD915,DG10E/ Nippon Electric — Japan (L.A., CA.) 

LD938 

Digivac — Tung-Sol — Livingston, N.Y. 

Fluorotron — Sylvania — Seneca Falls, N.Y. 
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Requires Either 
Discrete Transistors 
or Interface Units 


Fluorescent 


DIGITAL DISPLAY SYSTEMS 


INTRODUCTION 


Automation continues to demand better display readout 
devices for point of sale equipment, DVMs, frequency meters, 
counters, etc. The result is a wide variety of shapes, sizes, in- 
put drive requirements and principles of operation of display 
units. Most electronic readout devices use neon, fluorescent, 
incandescent, electroluminescent or gallium arsenide methods 
to form or illuminate the readout display. 


A display decoder/driver takes 4-bit (usually BCD) input 
data and decodes it into the correct format for the particular 
display being activated. Outputs must be of sufficient current 
and voltage and correct polarity to drive the display. Such de- 
coder/drivers are now available for many display types in a 
single integrated circuit. 


DISPLAYS 


One of the oldest electronic numeric readouts is the one-of-ten 
display such as the NIXIE* tube. An inherent disadvantage is 
that each of the numbers within the tube is not on the same 
plane. This is very evident when a number of displays are 
used side by side. Additionally, the red illumination of the 
displays makes it difficult to change the readout color. Also, 
they are difficult to multiplex because of relatively high volt- 
age requirements. Seven-segment displays have become 
popular due to their lower prices and pleasant, modern numer- 
al format. These displays are available in a wide variety of 
size, color and type. 


Incandescent displays can be made in a wide range of sizes 
and colors and are among the brightest available depending 
upon the lamps used. Until recently their main disadvantage 
was reliability due to segment failure. New materials, pack- 
ages and methods however, have improved their reliability. 


Many newer incandescent displays have all seven segment 
filaments contained within a single vacuum envelope and are 
compatible with standard DTL and TTL voltages. Multi- 
plexing incandescent readouts doesn't offer much advantage 


*NIXIE is a registered trademark of Burroughs Corporation 
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in part count as each of the display segments requires a diode 
to stop sneak electrical paths. 


Cold cathode displays, also known as neon, gas discharge, or 
plasma displays are improved nixie-type displays with seven 
segments instead of 10 numeral cathodes. Easily read and 
red-orange in color, they are available in sizes up to 0.75 
inches high. They do have a disadvantage in that a high anode 
potential is required making them difficult to multiplex. 


Fluorescent displays are blue-green, available to approxi- 
mately 0.6 inch character height, and are used primarily in 
imported calculators. Their relatively low current and voltage 
requirements make them easy to multiplex. 


The light emitting diode is a modern technology, solid state 
device using either gallium arsenide or gallium arsenide © 
phosphide. Generally, the advantage of these displays lies in 
their smaller size, more reliable operation under severe me- 
chanical conditions, and voltage current compatibility with 
standard integrated circuit technology. LEDs are available 
from 0.1 inch to 0.8 inch heights and are typically red in 
color; however, yellows and greens are offered at a price. 
Most of the smaller 0.1 inch LEDs are used in domestic hand 
calculators. 


Liquid crystal displays are unique because they scatter, rather 
than generate, light. There are two basic types: reflective 
which requires front illumination, and transmissive which re- 
quires rear illumination. Liquid crystal display devices have 
the lowest power requirements of any display; however, they 
require an ac drive system which makes them difficult to 
multiplex. Short operating life, low reliability, and sensitivity 
to ultraviolet light have impeded the progress of these displays. 


Other technologies for making 7-segment displays are elec- 
troluminescent and light emitting thin films with very high 
voltage requirements, but IC decoder/drivers for these dis- 
plays are cumbersome and difficult to make. 
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7-SEGMENT DECODER/DRIVERS 


7) 1 3 3 4 5 6 7 8 9 10 in 12 1314 15 OPEN COLLECTOR 
, OUTPUT CIRCUIT 


9357 (5446/7446), 9358 (5448/7448), 9359 (5449/7449) Yec 


ie) 1 


2 3 4 5 6 7 8 9 


9368, 9369, 9370 


RESISTIVE PULL-UP 
OUTPUT CIRCUIT 


Ao Ai Az A3 LT RBI f b Ag Ai Az A3 LT RBI 
9307 7-SEGMENT DECODER —— 9317 7-SEGMENT DECODER 
RBO a b c 2 
e c 
SEGMENTS ACTIVE HIGH A SEGMENTS ACTIVE LOW 
RESISTIVE PULL-UP OUTPUT CIRCUIT OPEN COLLECTOR OUTPUT CIRCUIT 


SEGMENT DESIGNATION 


DECIMAL 
INPUTS OUTPUTS OR 
Ay Ai An Agia b c de f g RBO|FUNCTION 
ae eae aa 


INPUTS OUTPUTS Neer 
RBI}Ag Ay Ap Azi}a b c d e F g RBO/FUNCTION 


x x X X IH H H HH HH H Pig ee mien TL Le Lo Le 

L tL Leet kt &E LL bt tt tt BLANK ewe. He Lar SMe OM. CRO RL 

L L tL t JH H H H HH LH 0 fie wee a de ee a 0 
fe es es Ay is. WR OE Ss Ps SES 1 oe. a a ae kk eo y 
L H Lt tL IH H L HH LH H 2 eae ie Mel Ro) “ee ke SE. 5 
H H Lt L IH H HH LE LH H 3 Poi de abe. Ae Oe tae cs a. SH 3 
L LH LIL HH LL HH H 4 en ah Sie aoe ag de Ae ass A 
H LH LIH L HH L HHH 5 ree wae ie eg de eo. Ae 5 
GoW Rk JH Ok CH CH CA A OR 6 CHE He CREA Ie Ee, ae ed 6 
BA? 7 a A a SL es Sy 7 es it See: Se ar oe ; 
L tL tL HJH H HH HHH H 8 i Oe ae ks a LR ce Ae 3 
H L L HIH H HH L HHH 9 Be A> we Eb a. oc Be ae 9 
L Ht Hi/t t t H H L HH LH L HIH H HHH HHL 10 
HH tL HJtE L LE H ELE LE H OH H H L H|H H H HH HHL 11 
Lot H HyjtL H Ht tL H HH L LH HIH HHH HHH EL 12 
H t H HjH L H H L H HH H L H H|H H H HH HHL 13 
LH H HytE tL t H H H H OH L H H HI|H H H H HHH eL 14 
H HH Hye Ft teteetete UH H H H H/H H H H H HHL 15 


Decoder/drivers for 7-segment displays accept a 4-bit circuits for data storage. Latches are activated by a 
BCD 8421 input code and produce the appropriate out- single active Low Enable input. When the Enable ts Low, 
puts for selection of segments in a /-segment matrix the latches are transparent; when High, the data present 
display used for representing the decimal numbers O— at the inputs prior to the Enable going High is stored. 


9 and alpha characters when necessary. The seven out- 
puts (a, b, c, d, e, f, g) of the decoder select the corres- 
ponding segments in the matrices shown. The numeric 
designations chosen to represent the decimal numbers 
are shown in the decode fonts above. 


When decoders have active Low input Lamp Test LT, 
this input overrides all other conditions and enables a 
check on possible display malfunctions. The RBO ter- 
minal of the decoder can be OR-tied with a modulating 
Signal via isolating buffer for either pulse duration in- 
The 9368; 9369, and 9370 devices have built in latch tensity modulations or display blanking. 
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DIGITAL DISPLAY SYSTEMS 


7-SEGMENT DECODE FORMAT 
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Decoder/driver logic for 7-segment displays is based on 
four basic decode formats. Output drive capability and 
polarity are adjusted to suit the display device. The de- 
coder/drivers listed are grouped by logic decode format. 


@ 9307 

@ 9317 

@ 9357 (7445 & 7446), 9358 (7448), 9359 (7449) 
@ 9368, 9369, 9370 
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Decode format is an important consideration for 7-seg- 
ment displays, not only for appearance and reliability, 
but also because certain segment shapes selected by 
manufacturers do not represent certain numerals well. 
For example, a left-hand one or a six without a tail would 
be difficult to decipher using the displays in 1, 2, and 
3 above. 


9317 DECODER/DRIVER WITH NUMERIC ONE ON THE LEFT HAND SIDE AND NO TAILS 
ON NUMERIC SIX AND NINE 
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bad 


ONLY 5 POSSIBLE FAILURES, 4 CRITICAL LAMPS 


CONSIDERING A, B & C FAILURES FOR THE 9317 FORMAT ON THE RIGHT ABOVE, THERE IS A READABLE NUMBER. FAILURES 


A(Q).B 


,ANDC (9) ARE IN THE WRONG DECODE FONT. A CAREFUL OBSERVER WOULD NOTICE THAT THESE ARE THE 


WRONG NUMBERS. OF COURSE, THEY SHOULD READ 7 FOR A, 8 FOR B, AND 8 FOR C. 


Another consideration involves possible failures and 
critical lamp considerations for both formats (decimal 
one on right segments with tails on six and nine and 
decimal one on left segments without tails on six and 
nine). Note that for the 9317 font, dotted circles show 
actual numerals even with segment failures but the nu- 
meric formats are wrong. Thus, there are actually only 
two possible failures and two critical lamps if the viewer 
realizes that the numbers 1, 6 and 9 are in the wrong 
format. Considering all readable numerals, there are 
five failures and four critical lamps. 


The elimination of the tails on the six and nine provides 
the greatest single contribution to reliability. Placing 
the decimal one on the left hand segments also increases 
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reliability. This is because the distribution of segment 
use for all ten numerals is more equal. 


SEGMENT USE DISTRIBUTION 
NUMERIC ONE POSITION ON 
L.H.SIDE R.H.SIDE 


LAMP 
SEGMENT 
USED 


Because of improved segment use distribution and 
fewer critical lamps, the 9317 format is an advantage 
in military or other applications where there is increased 
concern with erroneous readout. 
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Leading or trailing edge zero suppression is particular - 
ly valuable in multidigit displays with a decimal point. 
Legibility is enhanced by blanking irrelevant decades. 
All devices except the 9359 have provision for automat- 
ic blanking of the leading and/or trailing edge zeros in 
a multidigit decimal number, resulting in an easily read - 
able decimal display, conforming to normal writing 
practice. In an 8-digit, mixed integer, fraction decimal 
representation, using the automatic blanking capability, 
0007.200 would be displayed as 7.2. Leading edge 
zero suppression is obtained by connecting the Ripple 
Blanking Output RBO of a decoder to the Ripple Blank- 
ing Input RBI of the next lower stage device. The most 
significant decoder stage should have the RBI input 
grounded. Since the suppression of the least significant 
integer zero in a number is not usually desired, the RBI 
input of this decoder stage should be left open. A simi- 
lar procedure for the fractional part of a display provides 
automatic suppression of trailing edge zeros. 


The 9368, 9369, and 9370 devices have built in latch 
circuits for data storage. Latches are activated by a 
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single active Low Enable input. When the Enable is 
Low, the latches are transparent; when High, the data 
present at the inputs prior to the Enable going High is 
stored. Note that with the 9368, 9369 and 9370, the 
RBI and RBO is activated by data stored within their 
latch functions. 


As shown, the RBI of the most significant decade de- 
coder is grounded. If a BCD zero is present on this 

decade's inputs, this display is blanked and RBO is Low. 
The remainder of the decoders operate in the same man- 
ner; consequently, this system is called Ripple Blanking. 


The RBO of these decoders has two functions: In addi- 
tion to its use as an active Low output to detect BCD 
zeros when RBI is Low, it can also be used as an OR-tied 
input for either blanking the entire display or control- 
ling brightness by applying pulse duration intensity 
modulation. The OR-tie capability of the RBO is tied to 
open collector TTL, DTL or discrete device inverters to 
control brightness shown in shaded area. 


DIGITS CAN BE BLANKED 


DIGITAL DISPLAY SYSTEMS 


DISPLAY MULTIPLEXING SYSTEMS 


MULTIVIBRATOR 
CLOCK 
COUNTER 


Typically, multiplexing is a result of economic considera- 
tions such as requirements for simple drive circuitry, 
or minimum interconnections between the displays and 
the system providing the data to be displayed. The 
multiplexed or direct drive display selection is based 
upon each system’s design characteristics. Overall cir- 
cuit complexity and cost are primary considerations in 
the majority of consumer and industrial design efforts 
as opposed to military applications where the priority is 
more commonly maximum reliability. 


In some systems, this choice is quite clear. For example, 
the popular pocket calculators use a single chip produc- 
ing data in a serialized format while multiple digit LED 
displays employ data bussing for ease of manufacturing 
and to reduce connections. Therefore, the connections 
and drive units between display and chip are held to a 
minimum. 


Conversely, in a system where the data is presented in 
parallel format and close to the display, multiplexing 
the data would greatly increase system complexity and 
cost. Any data sent a considerable distance should be 
sent on a single cable and serialized (an advanced form 
of multiplexing). However, a display subsystem located 
a few feet away may warrant a simpler form of multi- 
plexing using fewer wires. Even though purchase price 
and maintenance costs of cables, connectors and joints 
is increasing, the cost of MSI per function is decreasing. 
Multiplexing and the degree of multiplexing, therefore, 
is to be considered carefully. 


Five units are used in this basic multiplexing circuit. 


@ A decoder/driver usually decoding BCD input data 
to the code requirements of the display device, 
normally 7-segment or 1-of-10 decode. 


@ An input address selector (multiplexer or shift regis- 
ter) taking the BCD input data to be displayed to 
the decoder/driver. 


@ Ascan decoder selecting the display to be energized. 
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TO OTHER 
DISPLAYS 


TO OTHER 
DISPLAYS 


@ A scan counter addressing the scan decoder and in- 
put address selector. 


@ A clock input determining the multiplexing rate. 


Multiplexing a small number of displays is not economi- 
cal unless the data input is in serial form. Multiplexing 
can offer advantages after about four digits for some 
display types. The maximum number of digits is about 
12 (except with LED displays). Beyond this number, it 
becomes difficult to power each display unit for its dimin- 
ishing share of time. For a given brightness the display 
will require a given power whether or not it is multi- 
plexed. When multiplexed, this power is supplied to the 
display in pulses for a fraction of the complete scan 
cycle. Hence, voltage and/or current must be increased 
over that required for the dc conditions. Multiplexing 
incandescent displays is less attractive because each. 
filament of the display requires a diode to stop sneak 
electrical paths. 


Advantages: 
@ Fewer parts—lower system cost. 


@ Easier printed circuit layout. 


@ Reduced interconnection wiring when readout is re- 
mote from display logic. 


@ System hook-up requires fewer parts. 


Disadvantages: 


@ Higher operating voltages or current required for 
equivalent brightness. 


@ Scan rate must be above 1 kHz to reduce flicker. 


@ Careful uncoupling of power supplies to stop switch- 
ing transients is required. 


@ A clock is required to drive multiplexed systems. 


@ Clock failure results in full power to displays, damag- 
ing an unprotected system. 
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9368 Sources 19 mA at 1.7 V, Drives FND 70 Directly 


This system takes advantage of the storage capabilities 
of the 7-segment decoder/driver/latch combination. 
The input data is in multiplexed form while the displays 
operate in the static mode. 


The principle advantage of this system is that 5 V incan- 
descent or FND 70 LED displays are driven directly with- 
out any other components using the existing 5 V supply. 
There are other advantages over the standard multiplex 
system. 


@ Low multiplexing rates can be used without flicker. 
@ Relatively low power line spiking. 


@ Economically sound on many systems up to 5 digits 
(incandescents allow even more). 


@ Clock failure does not cause excessive voltage or 
currents to be applied to any one display. 
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Some disadvantages include: 


@ BCD data and strobe timing (digit address) is criti- 
cal. 


@ PC layout can be slightly more difficult depending 
on display mounting configuration. 


The input BCD data must be stable during the last 30 ns 
of the active Low enable pulse. All strobe pulse glitches 
must be avoided. 

This method is particularly advantageous in the case of 
5 V incandescent displays because the total cost of the 
decoder/driver/latches compares with the standard 


multiplex system which uses seven diodes (high inser- 
tion cost) per display, two power Supply voltages, and a 


clock failure detection system. 


DIGITAL DISPLAY SYSTEMS 
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This circuit illustrates one of the simpler and more 
straightforward methods of a multiplexing system. Four 
9312 8-input multiplexers select the BCD input data for 
the 9307 decoder. Address for the multiplexers and the 
scan decoder from the 9316 binary counter uses only the 
first three bits. Each 3-bit address selects the BCD input 
data to be displayed and the scan decoder energizes the 
correct display readout device. The counter progresses 
through all eight counts and repeats, activating each dis- 
play unit for 1/8th of the scanning cycle. Higher op- 
erating voltage must be applied for the displays to have 
the same brightness as displays in a static mode (dc). 

The circuit as shown uses fluorescent diode displays. 
Other displays may be substituted with the appropriate 
drive circuitry. 


MOST SIGNIFICANT DECADE BLANKING 


The objective of the shaded circuit is to hold RBI Low 
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during a scan period until a decimal number other than 
zero appears and then shift RBI High for the rest of the 
scan period. The most significant decade is at the start 
of the scan period; the least significant is at the end. 


When RBI is Low, any BCD zeros to the decoder will be 
blanked on the display, however any BCD number is dis- 
played. Control of this input achieves most significant 
digit blanking. 


The circuit sets the flip-flop (gates A and B) so gate B 
output is Low at the start of the scan period (zero count 
on scan decoder, active Low). With RBI Low and BCD 
zeros into the decoder, RBO is Low. With the first deci- 
mal number of the scan period, RBO goes High. As the 
reset line is also High, gate C output goes Low setting 
flip-flop, (gate B output High, therefore RBI is High). 
This sequence repeats each scan period. 


DIGITAL DISPLAY SYSTEMS 


MULTIPLEXED 8-DIGIT DISPLAY WITH MEMORY 
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This multiplexing system has storage capability. Each 
bit of the 4-bit BCD code input is supplied to one of the 
four 9312 multiplexers. The multiplexer input addres- 
ses are selected by a 3-bit binary output from 9316 
counter. The multiplexer outputs are fed into four 8-bit 
shift registers when Data Select Ds is Low. The multi- 
plexer steps from one input address to the next on each 
clock pulse. Simultaneously, information is propagated 
through the shift registers to the decoder/driver. With 
Ds High, shift register output information is returned 
to the input to form a recirculating memory. Informa- 
tion continues to circulate as long as Ds is High and 
power is applied. Information must be present at the in- 
puts for at least one complete scan period to insure that 
the multiplexers sample all inputs. 
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The failsafe circuit detects clock failure and disables the 
address to avoid excessive voltage to any one display. 
Incoming clock pulses are applied to a diode and C2 is 
charged to the peak voltage of the incoming pulse, 
which, through the transistor base resistor, supplies suf- 
ficient drive to maintain the transistor on. For protec- 
tion, ac coupling is used in case the clock fails in the High 
state. The transistor output is applied to the most sig- 
nificant bit of the scan decoder and in normal operation 
stays Low. If the clock fails, the transistor output goes 
High and the scan decoder addresses the two unused out- 
puts. As shown, it operates satisfactorily from 1 kHz up 
with duty cycle pulse widths down to 10%. This circuit 
uses incandescent displays. Other displays may be sub- 
stituted with appropriate drive circuitry. 
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8-DIGIT DISPLAY USING SHIFT REGISTERS AS A RECIRCULATING MEMORY 
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Four rows of 8-bit, parallel loadable shift registers with 
outputs fed back to inputs form a recirculating memory, 
storing the four BCD bits in parallel and the eight char- 
acters serially. The four lines of serial information are 
fed into the 7-segment decoder circuitry which drives 
the display tubes. All tube anodes are in parallel. Mul- 
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tiplexing is achieved by sequentially switching the cath- 
odes (filaments) to ground with the scan decoder. Eight 
BCD digits of parallel data are entered into the shift reg- 
ister when the Load input goes from High to Low. This 
transition is detected by the digital differentiator and 
activates the PE inputs for one clock period. 


INCANDESCENT DIGITAL DISPLAY SYSTEMS 


Seven-segment incandescent displays are the oldest of all 
digital displays and have been used extensively for many mili- 
tary applications. They are available with character heights 
from 1/4 inch to several feet in a variety of colors. 


Since these displays employ incandescent lamps, high bright- 
nesses can be achieved and they are available in a wide range 
of voltages and currents. The simplest 7-segment display is 
lamps placed behind seven slots on some opaque material. 


MULTIPLEXING 7-SEGMENT INCANDESCENT DISPLAYS 


Incandescent displays using seven aligned filaments to com- 
prise a 7-segment character within one package are now 
available. One package is a small vacuum tube envelope; 
while another is a special, miniature flat package which in- 
serts directly into a standard 16-lead Dual In-line socket. 
Many of the incandescent displays can be driven directly from 
a wide range of available decoder drivers (see selection 
guide). 


Vcc 
FAIL SAFE sine 4 Displays 2 x dc Voltage 
CIRCUIT ' 6 Displays 2.45 x dc Voltage 
8 Displays 2.8 x dc Voltage 
9016 4a se 10 Displays 3.1 x dc Voltage 
DoH N : 12 Displays 3.45 x dc Voltage 
CLOCK 
2.7k 47 
ALL TRANSISTORS ~ 2N3567 NPN 
ALL DIODES - IN333 
ALL LAMPS ~ GE 345 6 V 40 mA (RUN AT REDUCED RATING) 
+. OR GE 3816V 20 mA 
FROM SCAN 18V 18 V 
COUNTER 
Ao Ay A2 A3 2.2k 2.2 k 
9301 1/10 DECODER 
Oo 01 02 03 04 O05 0g 07 Og Og 3k 3k 
1 | | | | | O © 
cas 
jj ereeeceene 0 
TO OTHER 
eee ee, eel DECADES 
OQOQgQggQgag Oeodagdaeaggd Yd @ 
MULTIPLEXED 
BCD INPUTS YVVVVVV VVvVvvvVvV Vv YZ 
e e@ 
Ag Aq Az Ag LT RBI 
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Multiplexed incandescent displays receive power in 
pulses for only a fraction of the complete scan period. 
For adequate brightness, voltage must be increased. The 
wattage for an incandescent lamp at a stated brightness 
will remain constant regardless of duty cycle or wave- 
form shape, providing the multiplexing rate is faster 
then the time-constant of the filament. Power dissipa- 
tion for a constant load is proportional to the square of 
the input voltage. Therefore, calculation of the required 
supply voltage for multiplexed operation is possible. 
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Multiplexed voltage =\|Number of displays x dc volt- 


age of lamps, i.e., eight digits of multiplexed display 
readouts—6.3 volt lamps= N8 x 6.3 = 17.5 volts. 


This table gives the factors for common numbers of 
multiplexed units. Voltage drops across the integrated 
circuits and switching transistors must be added to these 
figures. Some of the more advanced types use fiber op- 
tics or light-carrying beams to illuminate the seven 
segments. 


FLUORESCENT DIGITAL DISPLAY SYSTEMS 


FLUORESCENT 7-SEGMENT DISPLAYS 


DIGIVAC SYLVANIA 
CONVENTIONAL FLUOROTRON 
7 SEGMENT 
FORMAT 


Fluorescent displays are basically vacuum tube diodes 
or triodes in which the anodes form a visible 7 or 8- 
segment character. Each anode is coated with phosphor. 
A positive potential between anode and cathode (fila- 
ment) accelerates electrons to the anode phosphor caus- 
ing the anode to glow. The light emitted by the phos- 
phors is a wide spectrum in the blue/green region which 
can be filtered to certain other colors with little light 
loss. The cathode (filament) is suspended in front of the 
display segments and is hardly visible since it is only 
heated sufficiently for electron emission. 


Of the two types of fluorescent displays, triodes are 
somewhat easier to operate in a multiplexed mode 
because they have an extra, almost invisible control grid 
electrode between the filament and the anode. Multiple 
digit displays of up to ten digits in a single glass and 
metal enclosure are available using fluorescent triodes. 


The main advantages of fluorescent displays are their 
economy, low power requirements, wide viewing angle, 


*Digivac is a registered trademark of Tung-Sol division of Wagner. 
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single plane readout, and minimum likelihood of erro- 
neous readout with display failures. Two disadvantages 


are the need for a filament supply and their fragile 
structure. 


The selection of a decoder for fluorescent displays should 
take into account the fact that some displays have alter- 
ed segment shapes as shown. Some decode formats pro- 
vided by the decoders generate aesthetically unpleasant 
characters. Following are some points to note when se- 
lecting a fluorescent display decoder/driver. 


9307 The decoder format is acceptable for all 
types of 7-segment displays. The deci- 
mal one appears on the right hand seg- 
ments. 

9358/9359 With these decoders, the decimal six 


looks poor on all except the Digivac* 
display. The decimal one is shown on 
the right hand side. 


FLUORESCENT DIGITAL DISPLAY SYSTEMS 


DRIVING FLUORESCENT DISPLAYS 


-Vs 


SERIES MODE SWITCHING 


BCD MULTIPLEXED INPUT 


TO DISPLAY 
ANODES 


Driving fluorescent displays requires a 7-segment de- 
coder and extra components. There are two basic 
methods of switching, the shunt method and the series 
method. As seen, the shunt method has a slightly better 
cost/part count when supply voltages of less than 30 V 
are involved because an open collector, hex inverter 
integrated circuit can be used. With supplies above 
30 V, both systems require approximately the same 
number of parts; however, the series method is super- 
ior for power consumption. The shunt method shown 
draws maximum current when the display is blanked 
while the series method draws maximum current when 
all segments are illuminated. 


The value of the load resistor selected for use with the 
shunt method is the result of a compromise between re- 
sistor power dissipation in the segments On and Off 
states. When the display is Off, the full supply voltage 
iS across the resistor and maximum power is dissipated. 
While On, however, the only voltage drop is due to the 
segment current. Typical operating conditions for a 
non-multiplexed fluorescent display are 25 Vand0.5 mA 
to 1 mA per segment. The following example shows a 
driving method for 30 V supplies. 


Ago Ai A2 A3 LT RBI 


9357A,B/7446,47 
7-SEGMENT 
DECODER/DRIVER 


9NO7/7407 

HEX BUFFER DRIVER 
OPEN COLLECTOR 
30 V BREAKDOWN 


ALL 10k 
+30 V MAX 


With a 30 V supply, allowing for a 5 V drop across 
the resistors at 0.5 mA per segment, R = 10 kQ. 
For displaying a decimal eight (all segments illu- 
minated) total current = 7 segments x 0.5 mA = 3.5 
mA. This means 105 mW supply power is required. 
In a blanked display, the current is 3 mA per seg- 
ment (7) or 21 mA requiring 630 mW supply 
power. The Off to On power ratio is 630:105 or 
6:1, worst case. 


This would indicate that supply voltage regulation is 
required to maintain even brightness for all numerals 
displayed. A substantially better On to Off ratio is ob- 
tainable with a higher supply voltage. 


With a supply voltage of 60 V, allowing for a 35 V 
drop across R, 0.5 mA per segment = 70 kQ2. When 
displaying a decimal eight (3.5 mA), W = 60 x 3.5 
or 210 mW. With the display blanked, current per 
segment is .85 mA or 6 mA. W= 60x 6 or 360 mW. 
The Off to On power ratio is 360:210 or 1.7:1.. 


The higher supply voltage with larger resistance pro- 
vides a more constant current source. | 


FLUORESCENT DIGITAL DISPLAY SYSTEMS 


MULTIPLEXING FLUORESCENT DIODE DISPLAYS 
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The multiplexing system shown supplies the display 
heaters from convenient +5 V logic levels using a 1/8 
(eight digit display) duty cycle. Heater power to the dis- 
plays is supplied in pulse form and the thermal inertial 
of the filaments keeps them hot during the off period. 
Each of the display heaters has a transistor and a diode. 
The display is active when the transistor is conducting. 
When the transistor is Off, active resistor R pulls up the 
cathode to a +V potential, reverse biasing the diode 
leaving no potential across the display tube. 


All the logic operates from a +5 V supply and thus it 
dictates a positive display voltage and a shunt method 
of switching. Because the display filaments are resis- 
tive, they have a given resistance value for agiven emis- 
sion value (ignoring switching losses) for either a 
pulsed or a dc power supply. The listed dc current and 
voltage specifications allow the calculation of the pulsed 
values. 


Vp = (VN x Vp) + diode and switching losses 
where: Vp = required voltage 


N = number of parts in scan cycle 
Ve = dc filament voltages of the display 


+60 V 
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Current is determined by substituting 

Ip filament current 
For the 8-digit example shown, the required pulsed volt- 
age calculation is given. 


Vp =(V8x1.4V)+ 9V=49V 
where: 8 = number of digits, 
1.4 = filament voltage, 


.9 = diode/switching loss (.7 V/diode 
and .2 V/transistor) | 


This circuit is easily changed to a 6-digit system by 
changing the scan counter to a Modulo 6. 


A failsafe circuit is added to the most significant digit 
of the scan decoder to prevent full filament supply volt- 
age from being applied to any one heater should the 
clock fail. With the counter operating, pulses are sup- 
plied to diode De and the R-C network, biasing tran- 
sistor Qe on. Failure removes the bias on Qf and 
the input code to the scan decoder addresses unused 
outputs 8 and 9. This circuit operates with clock fre- 
quencies up to 20 kHz. : 


FLUORESCENT DIGITAL DISPLAY SYSTEMS 


MULTIPLEXING FLUORESCENT TRIODE DISPLAYS 
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The only decoder/driver which provides the correct de- 
code format for fluorescent triode displays is the 9307 
and it requires the use of extra drive components. The 
most economical method uses pnp drive transistors 
with negative supply voltage. The active high output of 
the 9307 biases the transistor emitter more positive 
than the base, turning the transistor on. Diodes D1 and 
D2 insure that the transistor is back biased in the Off 
position (right). Collector resistors are used so anode 


Capacitance charges can be leaked off quickly. 


Control grids of fluorescent displays are activated to the 
same potential as the anodes to obtain full brightness. 
They are activated by a pnp switch transistor. This is 
driven directly by the output of the 9301 scan decoder 
which has active low outputs. The base-emitter current 
on the pnp transistor is limited by a single resistor in 
common with all the pnp emitters. 


GAS DISCHARGE DIGITAL DISPLAY SYSTEMS 


DESCRIPTION 


Gas discharge displays, otherwise known as cold cath- 
ode, are available in a wide variety of shapes and sizes. 
The oldest and most familiar is the NIXIE*, with the 
newest sample being the Burroughs Panaplex or the 
Sperry displays. All of these displays require a high sup- 
ply voltage in the range of 80 to 200 V to cause ioniza- 
tion for display. 


The nixie-type tube is not a 7-segment display but a 
1-of-10 multiplane display with ten stacked cathodes 
-shaped as characters mounted behind an almost invis- 
ible anode in a glass envelope filled with neon gas. A 
high potential between the anode and one of the cath- 
ode characters causes an ionization to occur and the 
character glows a dull red. These displays are available 
in a wide variety of shapes and sizes from miniature 


*NIXIE is a registered trademark of Burroughs Corporation 
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sizes with character heights of just over 1/4 inch to 
jumbo sizes with 2 inch characters. 


The advantages of this type of display are: availability, 
reliability, wide selection of sizes and styles, and low 
power consumption. Special characters are available. 


Some disadvantages of this display system are: high 
voltage requirements, multiplexing difficulty, multi- 
plane display readout, and limited color selection. 


Cold cathode displays require a 1-of-10 decoder /driver 
with high voltage breakdown npn transistors on the out- 
puts. The transistors must have low leakage character - 
istics in the Off mode since leakage causes a background 
glow. Voltage across the displays after ionization is 
controlled by a series resistor, as shown above. This 
resistance value is given by the display manufacturers. 
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It is necessary to sequentially switch the high voltage 
anode supply when multiplexing this type of display so 
that only one digit is addressed at a time. There are two 
basic approaches for accomplishing this, the series 
method and the shunt method. Part count and economy 


There are several different 7-segment gas discharge displays 
available, ranging widely in configuration and complexity. 
The oldest type are simply seven neon lamps arranged behind 
seven slots in an opaque material. Another form of 7-segment 
gas discharge displays is a small tube envelope which encloses 
a specially constructed 7-segment unit with a character height 
of 7/16 of an inch. The newer types are Burroughs Pana- 
plex and the Sperry units. Burroughs Panaplex is a multi-digit 
unit and, therefore, must be multiplexed. Special drive con- 
siderations are required, best obtained from the manufactur- 
er’s literature. Sperry displays can be either driven directly 


SHUNT METHOD 
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are not considerations since both methods use identical 
hardware. The series method offers an advantage with 
lower power dissipation but places higher voltage and 
leakage requirements on the transistors. Leakage is not 
as important in the shunt method. 


or can be multiplexed if desired. 


Neon 7-segment displays require a resistor in series with each 
of the cathodes. A separate resistor is required because the 
ionization start-up voltage required is higher than that needed 
to maintain ionization. Once ionization takes place the re- 
sistor lowers the voltage applied between segment cathode 
and anode thus maintaining correct segment current. Neon 
7-segment displays can be multiplexed with the same tech- 
niques used for 1-of-10 cold cathode displays previously 
described. 


LED DIGITAL DISPLAY SYSTEMS 


LIGHT EMITTING DIODE DISPLAYS 


COMMON CATHODE 
(DECODER/DRIVER SOURCES CURRENT) 


SINGLE DIODE LED DISPLAY CIRCUIT 


1 DIODE 


1 DIODE 


Light emitting diodes (LEDs) are now found in a wide 
variety of portable electronic equipment including 
pocket calculators, electronic stop watches, thermom- 
eters, digital voltmeters, and similar equipment. They 
have gained popularity by virtue of their compact size, 
voltage and current compatibility with integrated cir- 
cuit technology, and solid-state reliability. Typically 
small in character size, they can be made up to 0.8 inch 
using hybrid construction techniques. 


The standard LED display color is a bright, penetrating 
monochromatic red with sharply defined characters 
which appear about twice as large as their actual size. 
Green and yellow displays are also offered, but are some- 
what more expensive. The primary disadvantage in- 
herent with LEDs is a narrow spectrum of light output. 
This makes them not only difficult to filter for high am- 
bient light applications, but impossible to filter for 
alternate colors. A polarized filter improves viewing 
under normal light circumstances. See the Selection 
Guide for a list of currently available LED displays. 


LED displays use either gallium phosphide (GaP) or 
gallium arsenide phosphide (GaAsP). Both types seem 


SINGLE DIODE LED DISPLAY CIRCUIT 
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to have equal advantages and disadvantages. They are 
available in two character formats, a 5 x 7 dot matrix 
which can display alphanumerics and lower cost, 7- 
segment displays. LED 7-segment displays use either 
common anode or common cathode techniques. The 
0.1 inch character height calls for the common cathode. 
Hybrid construction can be either, but the common 
anode has more popularity. With the common cathode 
method, the decoder/driver must be able to source cur- 
rent into the display. The common anode variety re- 
quires the decoder/driver to sink current, which is pres- 
ently easier. 


Electrically, the LED is the same as the familiar solid- 
state diode with its inherent characteristics although 
with a higher forward voltage drop. Below the knee of 
the I/V curve, they pass little current. Above the knee, 
current increases linearly with voltage. Thus, uniform 
brightness of each segment and digit requires aconstant 
current source rather than constant voltage. Light out- 
put increases linearly with current for low values until 
light saturation is reached and further current does not 
increase light output. Current should be limited to avoid 
device failure. 
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LED displays have electrical and light output rise times 
in the nanosecond region. This means they can be opera- 
ted at a low duty cycle with high scanning rates when 
multiplexed. Scanning rates above 1 kHz are recom- 
mended. As many as 24 or more displays can be multi- 
plexed. Because the human eye tends to peak-detect, a 
low duty cycie with high peak current pulsed into LED 
displays provides high apparent brightness. 


Drive requirements for 7-segment decoder/drivers are 
not as stringent as those for character or digit address 
where the total pulsed current of all seven segments 
must pass through. Ideally, the decoder/driver is a 
constant current source or sink, depending upon the de- 
vice. The digit address is a low resistance switch. Resis- 
tors may be required for current control to the displays, 
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depending on displays and decoders used. 


In some applications, a common cathode LED display, 
when driven by the fixed current output of a 9368 de- 
coder/driver/latch, is too bright. Since the 9368 has 
no provision for output current adjustment, an intensity 
modulation technique is used to reduce both brightness 
and power dissipation — and thus, heat. Because the 
human eye tends to peak detect, and because decreas- 
ing Current to the display would decrease its efficiency, 
a pulsed duty cycle technique is superior to a ‘brute 
force” current reduction. A thirty percent savings in 
power can be realized without a significant loss of 
brightness. When a reduction in brightness is desired, 
further savings of power is possible. 
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DL 1A, 6, 8, 10A, 62, 707 


MAN 1, 6A, 10, 1001 
TIL 302 
SLA 1, 3, 4, 7 


7-SEGMENT DECODER/DRIVERS (SINK 
CURRENT) 


9317 7-segment decoder/driver sinks 40 mA and re- 
quires seven current limiting resistors. TTL inputs. 


9357 7-segment decoder/driver sinks 40 mA and re- 
quires seven current limiting resistors. TTL inputs. 


9370 7-segment decoder/driver/latch sinks 40 mA and 
requires seven current limiting resistors. TTL inputs. 


SEGMENT DRIVERS (SINK CURRENT) 


9662 Quad LED digit/lamp driver sinks 600 mA has 
Inverting Enable input control for inverting or non- 
inverting operation. If used as a segment driver, two 
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9662 devices and seven current limiting resistors are 
needed to drive 7-segment displays. MOS/TTL compat- 
ible inputs. 


9663 Hex LED digit/lamp driver sinks 600 mA is the 
same as 9662 but with six outputs. 


STROBE OR DIGIT DRIVERS (SOURCE CURRENT) 


9661 Programmable current quad segment driver 
sources 5-75 mA. MOS/TTL compatible inputs. 


75491 Quad segment driver sinks or sources 50 mA. 
Each section has two transistors, Darlington connected, 
with uncommitted emitter and collector. 


Transistors, High current npn or pnp transistors with 
resistors can be used for strobe or digit drive. 
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7-SEGMENT DECODER/DRIVERS (SOURCE 
CURRENT) 


9368 7-segment decoder/driver/latch sources 19 mA 
@ 1.7 V output. Hexadecimal decode format. TTL 
inputs. 


9369 7-segment decoder/driver/latch sources 50 mA 
@ 3.4 V output and requires current limiting resistors. 
TTL inputs. 


9660 7-segment decoder/driver with decimal point 
drive, sources 5-50 mA. Output current is controlled 
by one external resistor. MOS/TTL compatible inputs. 


SEGMENT DRIVERS (SOURCE CURRENT) 


9661 Programmable current quad segment driver (two 
per system required) sources 5-75 mA @3 V output. 
One output can be reduced by approximately 1/2 for 
decimal point drive. One external resistor determines 
the output currents of both devices. 


75491 Quad segment driver sinks or sources’ 50 mA. 
Inverting when used in sink mode. Two devices and 
seven current limiting resistors are required to drive 
seven segments. Each section has two transistors, 


Darlington connected, with uncommitted emitter and | 


‘collector. 
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75492 Hex LED/lamp driver sinks 250 mA. Each sec- 
tion has two transistors, Darlington connected, with 
uncommitted collector. 


STROBE OR DIGIT DRIVERS (SINK CURRENT) 


9662 Quad LED digit/lamp driver sinks-600 mA, has 
Inverting Enable input control for inverting or non- 
inverting operation. MOS/TTL compatible inputs. 


9663 Hex LED digit/lamp driver sinks 600 mA is the 
same as 9662 with six outputs. 


9345, 7445 1-of-10 decoder/driver sinks 80 mA. TTL 
inputs. 


93145, 74145 1-of-10 decoder/driver sinks 80 mA. 
TTL inputs. 


75491 Quad segment driver sinks or sources 50 mA. 
Each section has two transistors, Darlington connected, 
with uncommitted emitter and collector. 


75492 Hex LED/lamp driver sinks 250 mA. Each sec- 
tion has a Darlington transistor with uncommitted col- 
lector. 
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The multiplexing circuit shown uses two 9661 quad 
segment drivers. The four outputs of the first unit drive 
segments a, b, c, and d of each display. The four out- 
puts of the second 9661 drive segments e, f, g, and the 
decimal point of each display. 


In this circuit, the two 9661 segment drivers can be re- 
placed with one 9660 7-segment decoder/driver when 
Current required is less than 50 mA @3 V and BCD to 
7-segment decoding is required. 


Other segment/digit/lamp drivers can be used depend - 
ing on display requirements. 


9661 — Programmable current quad segment driver 


FOR ADDITIONAL DIGITS, ADD 9662 
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MULTIPLEXED COMMON CATHODE LED CALCULATOR DISPLAY 


TO OTHER DIGITS 


can source current from 5 to 75 mA @ 3 V. Output cur- 
rent is determined by one external resistor ReyT to 
ground. If the DP/Segment inputs are not connected to 
Vcc. the current at Oq is reduced by 50%, which is suit- 
able for driving the decimal point. All inputs are TTL/ 
MOS compatible. 


9662 — Quad LED digit/lamp driver is capable of sink- 
ing 600 mA on each of four outputs and all inputs are 
TIL/MOS compatible. Inverting operation is selected 
by grounding the Control Invert input. 


9663 — Hex LED digit/lamp driver is the same as the 
9662 but with six outputs. 
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ENCODERS 


INTRODUCTION 


Encoders are circuits with many inputs that generate the 
address of the active input. If a system design guarantees 
only one encoder input active, the encoder logic is very simple 
and can be implemented with gates. 


If several inputs can be active at one time, a simple encoder 
would generate the logic OR of their addresses, which is 
probably undesirable (i.e., inputs 2 and 4 active would gener- 
ate address 6). 


A priority encoder generates the address of the active input 
with the highest priority. The priority is pre-assigned accord- 
ing to the position at the inputs. This chapter describes the 
9318 8-input priority encoder and applications. 
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9318 8-INPUT PRIORITY ENCODER 


The 9318 8-input priority encoder is a multipurpose 
device useful in a wide variety of applications such as 
priority encoding, priority control, decimal or binary 
encoding, code conversion, analog-to-digital and digital - 
to-analog conversion. A priority encoder can improve 
computer systems by providing the computer with high 
speed hardware priority interrupt capabilities. 


The 9318 provides three bits of binary coded output 
representing the position of the highest order input, 
along with an output indicating the presence of any 
input. It is easily expanded through input and output 
enables to provide priority encoding over many bits. 


The 9318 is a member of the 9300 TTL/MSI family and 
is compatible logically and electrically with other 
members of the family. It features active pull up out- 
puts which provide high speed and excellent noise mar- 
gins, and has input clamp diodes to reduce negative 
line transients. 


DESCRIPTION 

a io t ‘bs te te 

= (DISABLED) H X X X xX xX &X 

(NO-ACTIVEINPUT) CH OH UHH OH HH _H _H 
L xX X X X X X 
L X X X X X X 
L X X X X X L 
L X X X X L H 
L X X X L H H 
L X X L H H H 
L X L H H H H 
L L H H H H H 
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LEADS 


lo _ Priority (Active Low) Input 
I, -l7 Priority (Active Low) Inputs 
EI Enable (Active Low) Input 
EO Enable (Active Low) Output | 
GS Group Signal (Active Low) Output 
Ao, Ay, Az | Address (Active Low) Outputs 

Ig ly GS Ao A4 A> EO 

xX Xx |H_H HHH 

Headey 8 Ap We 

Xx L L L L L H 

L H L H L L H 

H H L L H L H 

H H L H H L H 

H H L L L H H 

H H L H L H H 

H H L L H H H 

H H L H H H H 


The logic symbol, lead functions, loading rules, and 
truth table for the 9318 are shown above. The 9318 
accepts eight active Low inputs (Ig — !7) and produces 
a binary weighted output code (AjgA1A 9) representing 
the position of the highest order active input. A priority 
is thus assigned to each input (I7 has the highest prior-. 
ity). Thus, when two or more inputs are simultaneously 
active, the input with the highest priority is encoded and 
the other inputs are ignored. In addition, all inputs are 
OR tied to provide a group signal indicating the pres- 
ence of any Low input signal. This group signal is Low 
whenever any input is Low and the encoder is enabled. 


The drive requirements for all priority inputs and the 
enable input are two or less TTL loads, thereby reducing 
the output needed from the driving circuitry. The ad- 
dress outputs can drive 10 unit loads, and the group 
signal and enable outputs drive six and five unit loads 
respectively. 


LOADING 


1 UL 
2 UL 
2 UL 
5 UL 
6 UL 
10 UL 
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OPERATION 


8-INPUT PRIORITY ENCODER 
Ao AY A2 


When High, the Enable input (El) overrides all inputs 
and forces all outputs High. The active Low Enable out- 
put indicates that the encoder is enabled and no active 
signal has been applied. The combination of Enable 
input and Enable output permits series expansion of 
priority encoding to many levels with little additional 
logic, explained later. The truth lable lists all the input 
combinations and the resulting outputs. All inputs and 
Outputs are active Low, providing logic compatibility 
with other Fairchild TTL devices. 


The 9318 priority encoder also can be represented with 
active High address outputs, but in this case disabling 
the input generates an address 7. Also, input zero has 
the highest priority. Because the 9318 is a combina- 
tional network, a wrong address can appear during 
input transients. This must be considered when strob- 
ing the outputs. Moreover, when all priority inputs are 
High, a High-to-Low Enable change can cause a tran- 
sient on the Group Signal output. 
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PRIORITY ENCODER EXPANSION 


The 9318 priority encoder can be expanded in series or in 
parallel. Expansion in series requires a minimum of com- 
ponents while expansion in parallel offers the highest opera- 
ing speed. 


The expanded priority encoder generates the binary address 
of the highest order priority input in two or more levels. The 
inputs are applied to what can be considered the first level of 
priority encoders. Since a binary code is cyclic, the output 
of each encoder potentially represents the three least signifi- 
cant bits of the output. Series and parallel expansion differ 
in the way the proper encoder and its output code are selected. 
In both cases, the group signals of the encoders go through 
a second level of encoding to determine the more significant 
group. Two levels of encoding are required for up to 64 inputs, 
and three levels are required for 65 to 512 inputs. 
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Ao Al A2 A3 
PRIORITY ADDRESS 


PRIORITY FLAG 


In this 16-input expanded encoder, and in the 64-input 
version shown next, the priority encoders are enabled 
in series; the Enable output of the more significant en- 
coder is connected to the Enable input of the next less 
significant encoder. This allows the highest order 
encoder with an active Low input to disable all less 
significant encoders. The selection of the three least 
significant bits is simple since this particular encoder 
is the only one with active outputs; all less significant 
encoders are disabled and all more significant en- 
coders have no active inputs and consequently no active 
outputs. Therefore the appropriate address outputs 
can be ORed with active Low input and output OR gates 


(ANDs) to generate the least significant bits. The group 
signals of each first level encoder are encoded, if neces- 
sary, to provide the most significant bits of the output. 
In a series array, only the highest order encoder with an 
active input has a Group Signal output and its address 
can be generated with gates. 


The disadvantage of series expansion is that (worst 
case) the Enable signals must ripple through every en- 
coder before a valid output is provided. 
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64-INPUT SERIES EXPANDED ENCODER 
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A fast expansion method (only 80 ns delay) is shown 
above. Each of the first level priority encoders operates 
independently. The group signals of each of the en- 
coders are applied to another priority encoder that 
selects the highest order group signal and provides the 


most significant bits of the priority address. These bits 
are supplied as an address to three multiplexers which 
select the appropriate least significant bits. In this 
case the second level encoder must be a priority encoder, 
since more than one group signal can be active. 
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DECIMAL (10-INPUT) BCD 8421 ENCODER 


O12 3 45 6 7 


C) 
14 
9318 
8-INPUT PRIORITY ENCODER 
Ao 


BCD CODE 


A 10-input, decimal-to-BCD 8421 code priority en- 
coder is useful for a decimal keyboard or can be con- 
nected directly to a display decoder. 


A 2-input NAND gate disables the 9318 when inputs 
Tg or Ig go Low and is used to produce the correct 


DECIMAL (20-INPUT) BCD 8421 ENCODER 
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9322 QUAD 


2 4 
UNITS 


A 20-input BCD encoder is formed by generating a 
Group Signal from the most significant decimal encoder, 
using this output as the 10s output and also using it to” 
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/ 1/6 9016 


2-INPUT MULTIPLEXER 


output code. When lg or Ig are not Low, the encoder 
is enabled and encodes input lo - 17 normally. This 
decimal encoder has active High outputs representing 
the highest order input. However, just inserting the 
two inverters in the Ag and Ag lines instead of the 
A; and Ag lines provides active Low outputs. 


10 1112 13 141516 17 | 18 19 


select the proper least significant digit through the 2- 
input multiplexer (9322). 
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Switches or keys must be encoded for data entry into 
many digital systems. The 9318 is often most efficient 
for encoding groups of a moderate number of keys, 
from eight to 16. Other approaches, such as scanning, 
are more efficient for large keyboard arrays. 


In this circuit, the output of the 9318 is sampled, stored, 
and compared over several clock periods. A Data 
Valid signal appears only after the 9318 outputs and 
the keys have stabilized. The clock rate supplied to the 
shift register must be adjusted to the bounce character - 
istics of the particular switch used so that all switch 
bounce is ignored. 


Two 9300 shift registers are connected as four 2-bit 
shift registers so that codes from the 9318 are stored 
for two successive clock periods. All outputs are com- 
pared and Data Valid signal appears one clock pulse 
after identical output addresses have been clocked 
twice into the 9300 register. This insures that the out- 
put address is correct whenever the Data Valid signal 
is High. 
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LINEAR PRIORITY ENCODER 
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The linear encoding network shown accepts eight active 
Low inputs and produces a single active Low output 
corresponding to the highest order input. The network 
consists of a 9318 to establish the address of the highest 
order input and a 9301 to decode this address and acti- 
vate the appropriate output. This method offers a con- 
siderable package reduction over discrete linear priority 
networks and is easily expandable by adding more en- 
coders and decoders. A 16-input encoding network re- 
quires only two 9318s, a 1-of-16 decoder (9311), and 
one gate package. 
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There are many instances where high speed, easily pro- possible decoder output and the appropriate encoder 
grammed conversions must be perfomed between bi- inputs. Because only one output on the decoder is 
nary codes, weighted or unweighted. A 5-bit arbitrary active for one input combination, it is not necessary 
code converter utilizing the 9318 priority encoder is for the 9318s to be interconnected in a priority configu- 
illustrated. ration. Correspondingly, the group signal outputs of 


the first level do not occur simultaneously and can 


The 5-bit input code is applied to the 1-of-32 decoder therefore be encoded with two gates. 


(two 9311 1-of-16 decoders). Any state of the input 


code produces one Low output. This Low decoder out- The connections between decoder and priority encoders 
put activates the particular encoder input that has may be hard-wired or use switches, plug boards or 
been connected to the decoder output to produce the multiplexing to facilitate a change of the code 
desired 5-bit output code. To cover all combinations conversion. 


of input codes, connections are made between every 
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PRIORITY INTERRUPT 
ADDRESS 


The primary use of priority encoders is in priority inter - 
rupt systems, such as the system illustrated. Interrupts 
control the access of input and output units to the pro- 
cessing unit. By assigning priorities to the requesting 
units, simultaneous or multiple requests can be handled 
according to their significance, (priority). The interrupt 
circuitry in this system provides a signal to the pro- 
cessor indicating that an interrupt request has been 


made, and also generates the address of the highest . 


order interrupt. All other lower order interrupt requests 
are ignored until the highest order interrupt is cleared. 


When deactivated, the asynchronous interrupt lines 
hold the 9314 latches set. When a device initiates an 
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CLEAR 
ENABLE 


BUFFER 
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INTERRUPT 
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interrupt request in the form of a High logic level, the 
priority encoder input is activated if that particular 
priority level is not masked. The masking is usually 
dynamically controlled from the program. The priority 
interrupt address is strobed from the encoder while the 
9314 latches are disabled to insure that the 9318 input 
cannot change. After the interrupt has been acknowl- 
edged, the decoder is enabled to clear the priority input 
and send an acknowlegement signal to reset the inter - 
rupt request and initiate the transfer of data. The only 
requirement for the behavior of the interrupt signal is 
that it be reset (Low) before a new interrupt on that line 
can be recognized. 
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SIMULTANEOUS ANALOG TO DIGITAL CONVERSION 


+12 V 


y 


INPUT 


Super fast A/D conversions can be performed by simul- 
taneous multithreshold techniques. In this 3-bit binary 
A/D converter, the 9318 priority encoder provides all 
the encoding required. The analog signal voltage to be 
converted is connected to one input of each analog 
comparator. The other input of each comparator is con- 
nected to one of the seven reference voltages developed 
in the resistor voltage divider. The input signal is com- 


4-11 


Do Dz; D2 D3 DE Dg Dy D2 D3 


9308 
4 BIT LATCH 1 


9308 
4 BIT LATCH 2 


Qo Q1 A2 Q3 


STROBE 


8-INPUT PRIORITY ENCODER 
Ao Al A2 


OUTPUT 


pared to the reference voltages and the comparators 
generate a High output when the input signal is greater 
than the reference voltage. The priority encoder detects 
the highest order zero, which corresponds to the lowest 
reference voltage that still exceeds the input voltage. 
To prevent transient incorrect encoder outputs while 
strobing the 9318 outputs, the yA710 outputs are 
stored in latches. | 
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DIGITAL-TO-ANALOG CONVERSIONS, BINARY RATE MULTIPLIER 
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TO ADDITIONAL 9312S 
The 9318 can be used for digital-to-analog conversions. 
In this conversion technique, a rate multiplier is formed 
and the output is integrated. This technique is very 
economical for multiple D/A conversions because each 


additional channel of conversion requires only one 
multiplexer and one integrator. 


In the converters illustrated, the eight bits of binary 
data are sampled (rate multipled) and during 256 clock 
periods converted to a PDM signal that is fed to an 
integrator producing the analog output. Each eight bits 
of digital input is independently sampled by an 8-input 
multiplexer. The 9318 supplies a code sequence to 
each multiplexer such that the most significant binary 
input is sampled for 50% of the count cycle, the next 
most significant input is sampled for 25% of the cycle, 
and soon. This sampling retains the weighting inherent 
in the binary code. 


The converter above generates a well interlaced PDM 
signal equivalent to a narrow bandwidth that is easily 
integrated. The output can follow digital input data 
changes faster than in the other approach shown on the 
right. The output of the modified converter is not well 
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interlaced and generates a wide bandwidth PDM signal. 
It therefore requires a longer integrating time constant, 
but it only has a maximum of eight logic changes per 
conversion cycle (vs. 256 changes) and is much less 
sensitive to switching delays, rise and fall times, etc. 


At high speeds, switching delays in the priority encoder 
and multiplexer introduce errors in the PDM output. A 
resynchronizing D flip-flop at each multiplexer output 
eliminates these cascaded delays. The maximum clock 
rate must allow enough time after the counter transition 
for the propagation delays in the priority encoder and 
multiplexer. The output of the multiplexer can be inte- 
grated or fed to integrating type devices such as panel 
meters, solenoids or motors. 


For each additional channel, a multiplexer and inte- 
grator are required. To expand the conversion to more 
bits, the counter, priority encoder and multiplexer 
must be expanded. For example, a 16-bit converter 
requires a 16-bit counter, 16-input priority encoder 
and 16-bit multiplexer. As before, each additional 
channel only requires the addition of one multiplexer. 
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BCD 8421 code to analog signal conversion is similar 
to binary conversion. All the advantages of the binary 
D/A conversion are retained and only one additional 
gate package per channel is required. The extra pack- 
age is needed to manipulate the BCD input data slightly 
so that correct sampling occurs. In the 2-digit BCD D/A 
converters or rate multipliers shown, a complete clock 
gate occurs every 100 clock pulses. The most significant . 
digit is sampled 90% of the time and the least signifi- 
cant digit sampled 10% of the time. To obtain the correct 
weighting, the AyA9Aq inputs are sampled respective- 
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ly for one, two, and four sample times. The most signifi- 
cant input (Ag), is sampled two sample times alone and 
in addition is OR tied with the Ag and A> inputs. There- 
fore, if the Ag input is a one, the output is High for 
eight clock pulses. The PDM output is fed to an inte- 
grator to produce an analog output. The two decimal 
converters shown here differ in the same way as the bi- 
nary converters shown in the preceding digital-to- 
analog conversions diagram. The first converter pro- 
duces a well interlaced pattern and the second has less 
transitions per conversion cycle. | 
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The circuit indicates both that a single zero is applied sum is High only when a single active Low input signal 
and which position it occupies. The outputs of each is applied. 
encoder are added so that the most significant bit of the 
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OPERATOR SELECTION GUIDE 


Function 


Dual Full Adder 

Gated Full Adder 

2-Bit Full Adder 

4-Bit Ripple Carry Adder 
4-Bit Arithmetic Logic Unit 


4-Bit Arithmetic Logic Unit 

Carry Lookahead Generator 

4-Bit Arithmetic Logic Unit 

Carry Lookahead Generator 

2 x 4-Bit 2s Complement Multiplier 
2 x 4-Bit Full Multiplier 

5-Bit Comparator 

5-Bit Comparator 

12-Input Parity Checker /Generator 
9-input Parity Checker/Generator 


Delay Over Power 
# Of Devices Required | 16-Bits, ns | Dissipation, 
Device For 16-Bit Function (typ) (typ) 
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OPERATORS 


INTRODUCTION 


The term “operators” describes a broad category of combina- 
torial (non-memory) devices which perform logic operations 
such as AND, OR, Exclusive-OR, INVERT — arithmetic opera- 
tions: Add, subtract, multiply, divide — and compare the mag- 
nitude of two operands or generate/check parity. 


Because operators tend to be used in the heart of digital sys- 
tems, they strongly influence system design and architecture. 
It is important to investigate the large number of alternate 
devices before settling on a system design. These devices 
represent compromises of speed, cost, part count, and con- 
nection complexity. The following points are some major 
design considerations. 3 


SPEED — Slower systems usually require fewer and less ex- 
pensive components and are less sensitive to noise. The sys- 
tem designer should always attempt to use all available time; 
perhaps by changing to serial architecture, or to increment- 
ing counters, etc. 


CODES — Binary arithmetic is simpler than decimal arithme- 
tic. BCD and Excess-3 codes are preferred for decimal opera- 
tion. Special codes (BCD and Excess-3 Gray) require exten- 
sive conversion before use in arithmetic operations. 
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NEGATIVE NUMBERS — For addition and subtraction, nega- 
tive numbers are best represented as complements, one or 
twos complement in binary notation, nine or tens comple- 
ment in decimal notation. The easiest to generate are one 
and nines complement; however, two and tens complements 
permit faster and simpler arithmetic. For multiplication and 
division, and for human interfacing (input/output) negative 
numbers are best represented in signed magnitude notation. 


VERSATILITY — When several different operations are to be 
performed, a well designed Arithmetic Logic Unit (ALU) may 
be able to execute them in sequence. For example, an ALU 
can count by incrementing or decrementing a register, or it 
may be used to control a display multiplexer, etc. 


Fairchild offers a broad range of operator devices in the TTL/ 
MSI family, ranging in complexity from 2-bit adders to 4 x 
2-bit multipliers and 4-bit Arithmetic Logic Units (ALUs). 


The selection chart lists the operator devices and their more 
important parameters. For better comparison of the dis- 
similar devices, the through-delay is listed for typical opera- 
tion on a 16-bit word. 


OPERATORS 


9304 Dual Full Adder 


CIN B A 


FIRST 1/2 9304 SECOND 1/2 9304 
DUAL FULL ADDER DUAL FULL ADDER 


SS COUT Ss S COUT 


The most versatile full adder circuit is the 9304, two com- 
pletely independent full adders. One of these adders has an 
additional set of opposite polarity inputs. The 9304 is used 
for serial addition and for addition of more than two variables. 


9383 4-Bit Ripple Carry Adder 


Ao Bo Ai By A2 B2 Ag 83 
9383/7483 
Co 4-BIT BINARY C4 
FULL ADDER 
So $4 $2 $3 


The 9340 and the 9341/74181 are 4-bit Arithmetic Logic 
Units of much higher complexity, versatility, and speed than 
the adders mentioned so far. They come in 24-lead packages 
and are used in parallel, high speed binary systems. They 
accept four bits of one operand (A) and four bits of a second 
operand (B) and generate four outputs (F). Operation is con- 
trolled by Mode and Select inputs. 


The 9340 can perform two arithmetic functions (add, sub- 
tract) and two logic functions, while the 9341/74181 can 
perform 16 different arithmetic functions and all 16 possible 
logic functions of the two variables. In their arithmetic mode 
both the 9340 and the 9341/74181 use fast carry lookahead 
circuitry, but only the 9340 has sufficient carry inputs to ex- 
tend the carry lookahead over 16 bits. The 9341/74181 
requires an auxiliary circuit, the 9342/74182, to perform 
fast carry lookahead arithmetic over more than eight bits. 


9342,93S42 Carry Lookahead Generator 


Po Go Pi Gi P2 G2 P3 G3 
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9342/74182 
Ch CARRY LOOKAHEAD 
GENERATOR 
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The 9383/7483 is four cascaded full adders. They add 
four bits of A with four bits of B plus a carry input, genera- 
ting four sum bits and a carry output. There are no control 
inputs and the speed is limited by the internal ripple carry 
structure. However, this low cost 4-bit adder in a 16-lead 
package is useful in medium speed parallel binary systems 
and in character-serial BCD arithmetic. 


9340, 9341 and 93S41 4-Bit Arithmetic Logic Units 


Ao Bo Ai B81 A2 B2 A3 B3 COE 
~1 


9340 
4-BIT ARITHMETIC 
LOGIC UNIT 


Ao Bo Ai Bi A282 A3 B3 
Co Cc 


4 
A=B 


9341/74181 
4-BIT ARITHMETIC 
LOGIC UNIT 


9344 
BINARY (4-BIT X 2-BIT) 
FULL MULTIPLIER 


The 9344 is an expandable 4 x 2-bit combinatorial multiplier 
building block with inputs and outputs in signed magnitude 
notation. 


93S43 Combinatorial Multiplier 


X_1 XQ X1 X2 X3 Xq Ko Ky K2 KB 
Y-1 


93843 


4x2 
TWOs COMPLEMENT 
MULTIPLIER 


Cnt+4 


So S1 S2 $3 S4 $5 


The 93843 is a super-fast expandable 4 x 2-bit combinatorial 


multiplier building block with inputs and outputs in twos 
complement notation. Both the 9344 and 93S43 are used 
for fast multiplication in systems which can not tolerate the 
delay of conventional shift-and-add circuits. Two binary 
factors of any length can be multiplied using nothing but a 
number of 9344s or 93S43s. This is useful in fast real-time 
applications such as Fast Fourier Transform. 
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9324,93L24 Comparator 


Ao Ai A2 A3 A4 Bo By Bo B3 Bg 


E 9324 


5-BIT COMPARATOR 


A>B A<B- A=B 


The 9324 is a 5-bit magnitude comparator that can also be 
considered an expandable 4-bit magnitude comparator. It 
accepts two sets (A and B) of five bits each and generates 
three mutually exclusive outputs A >B, A< B, A=B. 


The simpler function of identity comparison (detecting 
whether or not two numbers are identical) is faster and more 
economical with Exclusive-OR circuits. 


9348 Parity Checker Generator 


4 ls Ig '7 Ig 19 149 114 


9348 


lo Iy 12 13 


12-INPUT PARITY 
CHECKER GENERATOR 


Po PE 


The 9348 is a 12-input parity checker or generator circuit 
used in error detecting and correcting applications on 
parallel data. 


TERMINAL CONFUSION or 
HOW CAN TWO STATES LEAD TO SO MANY TERMS? 


The signals used in digital systems are described in several 
different and sometimes confusing terms. A logic signal can 
be either ACTIVE (=TRUE) or NOT ACTIVE (NOT TRUE = 
FALSE) Digital circuits, on the other hand are defined for 
voltage levels that are either HIGH (more positive) or LOW 
(less positive or more negative). Either of these levels can 
be considered ACTIVE (TRUE), the opposite level is then 
NOT ACTIVE (FALSE). 


MIL Std 806 has established a clear symbology: The HIGH | 


level is considered ACTIVE unless a small circle (“‘bubble’’) 
at the input or output describes the opposite assignment 
(LOW = ACTIVE). 


In non-arithmetic circuits the symbols “0” and “1” are un- 
necessary and confusing because some people think that a 
one implies a HIGH level, others think of it as an ACTIVE 
(TRUE) signal, and some mistakenly think that it must mean 
both ACTIVE and HIGH. 


Therefore, this book generally does not use zero and one, 
but uses the terms ACTIVE and NOT ACTIVE for systems 
descriptions and the terms H and L for circuit descriptions 
and truth tables. 
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In arithmetic (binary and BCD) systems the terms zero and 
one can not be avoided, since they have a mathematical 
Significance. They have to be related to the logic terms in a 
consistent and unambiguous way. 


Arithmetic 1 = ACTIVE = TRUE 
Arithmetic 0 = NOT ACTIVE = NOT TRUE = FALSE 


The rules of Mil Std 806B are then used to describe whether 
a HIGH level means a one (active High, no bubble) or whether 
a LOW level means a one (active Low, with a bubble at the 
input or output of the logic symbol). 


FUNCTIONS 


Active High Active Low 
Electrical Function 


Logic Function 


Logic Function 


B S_ Cour Cy SC 
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A full adder produces sum and carry outputs as a function 
of the three inputs A, B, and C. The center truth table above 
describes the e/ectrical function in terms of High and Low. 
The two logic truth tables and the two logic symbols describe 
this circuit in terms of e/ther active High or active Low /ogic 
levels. Any logic network which perfoms binary addition or 
subtraction can be described in terms of active High as well 
as in terms of active Low inputs and outputs. 


Such equivalence is a basic feature of adder structures and 
is true regardless of the number of bits and the method of 
carry propagation. It applies to a single full adder as well 
as to a complex ALU system. 


CARRY SIGNALS IN PARALLEL BINARY ADDERS 


High speed digital systems perform addition and subtraction 
on parallel words of typically 8 to 64 bits. The result of an 
addition or subtraction at any bit position, however, depends 
not only on the two operand bits in that position, but also on 
the less significant operand bits. More specifically, the result 
depends on the carry from the less significant bit positions. 


Ripple Carry 


In the simplest scheme, each position receives a potential 
carry input from the less significant position and passes a 
potential carry on to the more significant position. Thus the 
worst case delay for the addition of two n-bit numbers is n-1 | 
carry delays plus one sum delay. This technique is used with 
simple adders like the 9304 and the 9383/7483 4-bit ripple 
carry adder. It uses a minimum of hardware, but it is rather 
slow. 


OPERATORS 


Carry Lookahead 


Addition and subtraction can be made much faster if more 
logic is used at each bit position to anticipate the carry into 
this position instead of waiting for a ripple carry to propagate 
through all the lower positions. An adder constructed with 
carry anticipation is called a “carry lookahead adder”. 


The carry into position 0 is Co 
The carry into position 1 is C; =Ag *Bot Co (Ag + Bo) 
The carry into position 2 is Cp = Ay ° By + Cq (Ay + By) 
If the two auxiliary functions & and V are defined 
&; = AjB; 

V; = Aj + B; 
then the carry equations are: 
C1 =&Q + VoCo 
Co = &1 + Vq (&Q + VOC) 
C3 = &o + Vo (&1 + V1&Q + V1VOCo) 
or, in general terms: 
Ci+1 = &j + ViSj-4 + ViIVj-1&i-2 + VVi-1 Vi-2&i-3 * - -- 


The anticipated carry into any position can thus be generated 
in two gate delays (counting AND/OR/INVERT as one gate 
delay), one gate delay to generate all the & and V functions, 
and a second gate delay to generate the anticipated carry. 
The sum/difference outputs are generated in one additional 
delay for a total of three gate delays, independent of word 
length. The auxiliary functions & and V can be interpreted 
as 


& = Carry Generate- AB generates a carry, independent of 
any incoming carry 


V = Carry Propagate—A + B pass on an incoming carry 


This ‘brute force’’ carry lookahead scheme is conceptually 
simple, but, due to the large number of interconnections and 
the heavy loading of the & and V functions, becomes imprac- 
tical as the word length increases beyond five or six bits. 


The same concept, however, can be applied on a higher 
level by dividing the word into practical blocks of 4-bit 
lengths, using carry lookahead within each block, generating 
new auxiliary functions G, Carry Generate and P, Carry 
Propagate which refer to the whole block. G is obviously the 
carry out of the most significant position of the block. P is 
defined as Carry Propagate through the block i.e., P is True 
if a carry into the block would result in a carry out of the 
block. For a block size of four bits (the 9340 and the 9341/ 
74181) 


G = &3 + V3Z&) + V3V0&1 + V3V9V1%&0 

P = V3V90Vi1Vo 

Neither of these functions is affected by the incoming carry; 
they will therefore be stable within two gate delays and can 


be used to supply carry information to the more significant 
blocks. The carry into block n is: 


Cr = Gy-1 + Pn-1Gn-2 + Pn-1Pn-2Gn-3*- - - 
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This carry in signal is used in the internal carry lookahead 
structure: 


Co=Ch 

C,=&t VoCn 

C5 =&, + V1&o+ ViVQCn 

C3 = &5 + Vo&4 + V9V1&o + V9ViVOEn 

The TTL MSI carry lookahead arithmetic logic units, the 
9340 and the 9341/74181 use this 2-level carry lookahead, 
but because of connection differences, they differ in parti- 
tioning. The 9340 incorporates the carry in logic in the adder 
device, but limits it to inputs from three less significant 


blocks. This gives full carry lookahead over 16 bits, using 
four 9340 packages. 


The 9341 has more logic flexibility, which requires three ad- 
ditional mode control inputs. It can not therefore, contain 
any carry in logic. It is contained in a separate device, the 
9342/74182. Only one 9342 is needed to achieve full carry 
lookahead over 16 bits. 


NUMBER REPRESENTATION 


All presently available TTL/MSI adders and ALUs work on 
binary numbers. Operation in other number systems, such 
as BCD, Excess 3, etc. is achieved by additional logic and/or 
additional cycles through the binary adder. 


There is only one way to represent positive binary numbers, 
but negative binary numbers can be represented in three 
ways. 


@ Sign Magnitude — The most significant bit indicates the 
sign (O = positive, 1 = negative). The remaining bits indi- 
cate the magnitude, represented as a positive number. 


Sign LSB 
Oo 110 1 = +13 
11310 41 =-13 


This representation is convenient for multiplication and 
division, and may be desirable for human-oriented input 
and output, but, for addition and subtraction, it is incon- 
venient and rarely used. 


@ One Complement — Negative numbers are bit inversions 
of their positive equivalents. The most significant bit 
indicates the sign (O = positive, 1 = negative). Thus -A 
is actually represented as 2 -A -1. The one complement 
is very easy to form, but it has several drawbacks, notably 
a double representation for Zero (all Ones or all Zeros) 


@® Two Complement — This is the most common representa- 
tion. It is more difficult to generate than one complement, 
but it simplifies addition and subtraction. The two com- 
plement is generated by inverting each bit of the positive 
number and adding one to the LSB. 


Sign LSB 
O11 0 1 = +13 
100 1 1 =-13 


Thus an n-bit word can represent the range from 
+(29-1 .1) to (2-1) 


A 4-bit word can represent the range from 0111 = +7 to 
1000 = -8. 


OPERATORS 


ADDITION AND SUBTRACTION OF BINARY NUMBERS 


Addition of positive numbers is straightforward, but a carry 
into the sign bit must be prevented and interpreted as over- 
flow. When two negative numbers or a negative and a positive 
number are added, the operation depends on the negative 
number representation. In two complement methods, ad- 
dition is straightforward, but it must include the sign bit. 
Any carry out of the sign position is simply ignored. 


+14 01110 + 7 00111 ~4 11100 
- 7 11001 -14 10010 -3 11101 
+ 7 00111 - 7 11001 -7 11001 


If one complement notation is used, the operation is similar, 
but the carry out of the sign bit must be used as a carry input 
to the least significant bit (LSB). This is commonly called 
“‘end-around carry”. 


+14 01110 + 7 00111 -4 11011 
- 7 11000 -14 10001 -3 11100 
00110 - 7 11000 10111 
+ 1 = 1 
+ 7 00111 -7 11000 


In two complement subtraction the arithmetic is performed 
by inverting; i.e., one complement, the subtrahend and add- 
ing, and by forcing a carry into the least significant bit (LSB). 


+14 01110 + 7 00111 -6 11010 
++ 7) -0O0111 —(+14) -01110 -++8) -01000 
01110 00111 11010 

+11000 +10001 +10111 

+ 1 + 1 + 1 

+ 7 00111 - 7 11001 -14 10010 


In one complement methods, subtraction is performed by 
inverting, i.e., one complement, the subtrahend and adding, 
using the Carry Out of the sign position as carry input to the 
LSB (end-around carry). 


+14 01110 + 7 00111 -6 11001 
-+{+ 7) -00111 -~(+14) -01110 -~+8) -01000 
01110 00111 11001 

+11000 +10001 +10111 

00110 -7 11000 10000 

+ 1 + 1 

+ 7 00111 -14 10001 


It is interesting to note that the Carry Out of the sign position 
occurs when the result does not change sign; no carry occurs 
when the sign changes, implying a ‘‘borrow”’. 


OVERFLOW 


Adding two numbers of the same sign or subtracting two 
numbers of opposite sign might generate a result which can- 
not be represented by the given word length. This is overflow. 
It must be detected and used to initiate some corrective rou- 
tine. Overflow occurs when the Carry Out of the sign position 
differs from the Carry In to the sign position. 


OVERFLOW = Cy ® Cos 
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Overflow Generation 


9340 
4-BIT ARITHMETIC 
LOGIC UNIT 


ADD/SUBT 


loa 't1a '2a 13a | !ob '1b !2p I3b 


So | 
9309 
DUAL 4-INPUT MULTIPLEXER 
S 
' 2a Za 2b 2b 


Fs OVERFLOW 


When the sign is in the most significant position of a 9340 or 
9341 ALU, the carry signal into this position is not directly 
available but must be regenerated in one of several ways. The 
simplest method is to use the equation 


Cy=S,@ Ag ® By and 
OVERFLOW =S,@ Ag ® By & Coy 


An improved method of generating the overflow signal re- 
quires only two gate delays after the Carry Out is available. 
This allows the overflow to appear at about the same time as 
the sum. The sign bit is processed completely outside the 
ALU. The last bit of the ALU where the sign bit would nor- 
mally be, is set with Bz = Low and Ax3 = Add/Subt. This 
will force a permanent Carry Propagate condition on bit F3 
so that the Carry Out of the ALU will be the Carry Out of the 
bit F5 position. The Carry Out of the ALU is then C,, the 
Carry In to the sign bit. The equation for the overflow can be 
written as: 


OVERFLOW = 
Age Cg * (B® Add/Subt) + Age Cy * (Bg ® Add/Subt) 


Both the overflow and the final sum sign can be produced by 
an 9309 dual 4-input multiplexer used as a random function 
generator as shown. Since the Cg, signal goes into the data 
input of the multiplexer, the overflow is generated only two 
gate delays later; the final sum digit is produced at approxi- 
mately the same time as the other sum digits since the logic 
has to wait for the C, signal before the sum bit can be 
generated. 


ADDERS/SUBTRACTORS 


9304 DUAL FULL ADDER DESCRIPTION AND OPERATION 
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FIRST 1/2 9304 
DUAL FULL ADDER 


FIRST 1/2 9304 
DUAL FULL ADDER 


SECOND 1/2 9304 
DUAL FULL ADDER 
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SECOND 1/2 9304 
DUAL FULL ADDER 


S CouT 
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FIRST 1/2 9304 
DUAL FULL ADDER 


FIRST 1/2 9304 
DUAL FULL ADDER 


SECOND 1/2 9304 
DUAL FULL ADDER 
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SECOND 1/2 9304 
DUAL FULL ADDER 
s S COUT s 
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The 9304 dual full adder contains two independent full 
adders with both polarities of the Sum output brought 
out. The Carry Out signal is produced in one AND/OR/ 
INVERT gate delay, while the Sum requires one more 
AOI delay. This minimizes ripple carry delays, which 
are usually the critical parameter in a parallel adder. 


The second adder has dual inputs (one active High, one 
active Low) for A as well as B. This feature greatly 
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SECOND HALF 
INPUT LEADS 


OUTPUT LEADS 
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enhances the versatility of the device. Because full 
adder functions are symmetrical the 9304 can be des- 
cribed in terms of active High as well as active Low 
inputs and outputs. Both logic representations and all 
four methods of using the 9304 dual full adder are 
shown here. Note that inputs A, B, and C can be arbitra- 
rily interchanged, without affecting the operation of 
the device. This can simplify printed circuit board layout. 


ADDERS/SUBTRACTORS 


SERIAL BINARY ADDITION 


FIRST 1/2 9304 
DUAL FULL ADDER 
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S CouT 


S =A PLUS B 


JK 
FLIP-FLOP 
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Half a 9304 dual full adder and one half of a 9024 dual 
flip-flop perform serial binary addition. For active 
High operands the carry flip-flop must be set when 
the least significant bit is applied. For active Low op- 
erands, the flip-flop must be reset when the least 
significant bit is applied. 


SERIAL BINARY ADDITION/SUBTRACTION 


ADD/SUBTRACT 


SECOND 1/2 9304 
DUAL FULL ADDER 


S SCout 


S =A PLUS/MINUS B 


CiN 


FIRST 1/2 9304 
DUAL FULL ADDER 


SS Court 


The most obvious design of a serial adder/subtractor 
inverts the B input for subtraction, using the other half 
of the 9304 as a conditional inverter. This design re- 
quires either a second pass for end around carry or it 
requires that the carry flip-flop starts out set for add, 
reset for subtract (with active High operands, opposite 
with active Low operands). 
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ADD/SUBTRACT 


] _— SUM/DIFFERENCE 
X PLUS/MINUS Y 


FIRST 1/2 9304 
DUAL FULL ADDER 


SS CouT 


This second pass is avoided by using two Exclusive-OR 
gates (1/2 9014) in the data path, thereby effectively 
using the adder with active High operands in one mode, 
with active Low operands in the other. For both addition 
and subtraction, the carry flip-flop must start out set 
for active High operands, reset for active Low operands. 


ADDERS/SUBTRACTORS 


SERIAL ADDITION OF MORE THAN TWO VARIABLES 
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INITIATE 
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SECOND 1/2 9304 
DUAL FULL ADDER 
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SECOND 1/2 9304 
DUAL FULL ADDER 


S CouT 
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SECOND 1/2 9304 
DUAL FULL ADDER 
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CP 4-BIT UNIVERSAL 


The 9304 dual full adder can be used to add more 
than two operands. A 3-input adder (S; = A plus B 
plus C) using one 9304 and one 9024 dual flip-flop is 
shown in a. 


A 6-input adder (S = A plus B plus C plus D plus E plus F) 
using 2 1/2 9304s and one 9300 4-bit register is 
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shown in b. The adders are arranged such that all Carry 
outputs are active High, allowing the 9300 4-bit regis- 
ter with common asynchronous clear to be used for carry 
storage. This decreases package count, simplifies inter - 
connections and decreases clock and clear loading. 


ADDERS/SUBTRACTORS 


HIGH = ADD 


moRe LOW = SUBRACT 


Dg Do 01 
1/2 9328 
8-BIT SHIFT 


REGISTER 


1/2 9328 


8-BIT SHIFT 
REGISTER 
@ 


CIN B 
FIRST 1/2 9304 
DUAL FULL ADDER 
S as 


S 9322 QUAD 


Bit serial operation of the 9304 is slower but requires 
fewer components than parallel addition/subtraction. 
A 5-digit bit serial BCD adder/subtractor makes use of 
the functional flexibility of the 9304. A 9328 16-bit 
shift register and a 9300 4-bit shift register form a 
20-bit (5 digit) serial BCD accummulator. The modulo 
20 counter (1/2 9024, 9310) keeps track of the data 
position in this register. When the counter is at count 
zero the LSB is stored in the last position of the 9328, 
the MSB in the first position of the 9300(home position). 
Data can now be entered serially on the D input of the 
9304 while the mode input defines the mode of opera- 
tion (High for ADD, Low for SUBTRACT). 


When adding, the first 9304 adder performs serial 
binary addition (active High Data, Carry inputs and 
Sum output, active Low Carry output). The Carry Out 
is stored in a carry flip-flop (1/2 9024). The other 
three full adders are used for BCD correction, adding 
six whenever the digit sum exceeds nine. The Carry 
output of this 3-bit adder is strobed whenever the most 
significant bit (weight 8) of each digit is at the data 
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input and in the first adder. A carry out of either adder 
is shifted into the decimal carry flip-flop and if there is 
a decimal carry, the output of the 3-bit adder is parallel 
loaded into the 9300, adding six to the binary result 
(BCD correction). 


For subtraction the mode line must be Low and this 
mode line may only be changed when the counter is in 
the home position, possibly requiring a flip-flop. In 
this mode, the first adder has active Low Data and 
Carry In and an active High Carry Out. However, with 
respect to the shift registers, this is compensated by 
the change in the 9322 multiplexer. 


Because the carry flip-flop is reset operation starts with 
an automatic carry bit added to the LSB, required for 
10 complement subtraction. The 3-bit adder adds 10 
to each digit. A decimal borrow is indicated by a Low 
output from the first adder when it contains the MSB 
(weight 8) of each digit. This loads the adder output 
into the 9300, effectively adding 10 - subtracting six 
for BCD correction. 
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As with all other adders, 9383 operation can be des- 
cribed in terms of both active High and active Low 
inputs and outputs, (refer to dual logic representations). 
Note that with active High inputs, Carry In can not be 
left open, but must be held Low when no carry-in is 
intended. 


THE 9383 AS A 3-BIT OR A 2+ 1-BIT ADDER 
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Because all 16 leads of the 9383 are needed for basic 
input, Output, and supply connections, functional ver- 


satility is rninimal. The 9383 can be connected as a 
3-bit adder (a) with carry input and output by using 
the least significant data inputs and the Carry In; nor- 
mally tying Az and B3 together and terminating them 
either High or Low. The Carry Out signal is available 
on the S3 output. 


LEADS LOADING 
Ag.Bo.A2,B2 | Data Inputs 4 UL 
Ay,B1A3,B3 Data Inputs 1 UL 

0 Carry Input 4 UL 
$0.$4,89,83 Sum Outputs 10 UL 
C4 Carry Output 5 UL 
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The 9383/7483 4-bit ripple carry adder logic diagram 
and loading rules are shown with inputs and outputs 
numbered from O to 3, consistent with 9300 family 
terminology. This device provides 4-bit addition in a 
single 16-lead package, very useful in applications 
which do not require the speed and functional versatility 
of more sophisticated 4-bit Arithmetic Logic Units. 
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The 9383 is useful as two independent adders, (b) one 
two bits wide, the other one bit wide. The two least 
significant bits are used as a 2-bit adder with Carry 
Out on the S5 output. Inputs Ag and Bo are tied 
together and used as carry input for the second adder. 
The A and B operands of the second adder applied on 
the A3 and B3 inputs, carry-out appears on the C4 
output. All these configurations work with active High 
as well as active Low inputs and outputs. 
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This circuit performs BCD corrected addition and sub- 
traction on four bits (one digit) in parallel. For addition, 
the control input (SUBTRACT) is LOW, the first 9383 
4-bit ripple-carry adders adds the Bo_3 inputs theAgp_3 
inputs, generating the binary sum on outputs So_3 and 
the binary carry on output Cg. Whenever the binary 
sum exceeds 9, i.e, when S3° (So + S41) + Cy, a 
decimal carry is generated by the gating structure shown, 
setting the carry flip-flop and forcing a binary 6 onto 
the B inputs of the second 9383 4-bit adder. The out- 
puts Do-D3 represent the BCD corrected sum D=A 
plus B. 


For subtraction, the control input (SUBTRACT) isHIGH, 
inverting Bo_3 inputs to the first 9383 adder. The 9322 
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multiplexer feeds the Q output of the carry flip-flop 
into the Carry In of the first 9383 which performs 
Carry plusA plus B, the well-known algorithm for binary 
subtraction. The Carry Out (C4) signal is inverted before 
it is routed through the multiplexer into the J ® K input 
of the Carry Borrow flip-flop. Whenever this flip-flop 
is being set, the binary result at So_3 requires cor- 
rection, by subtracting 6 or adding 10. This is perform- 
ed in the second 9383 by routing the C4 signal into 
the Co (weight 2) and the B> input (weight 8). 


The outputs Dg_3 represent the BCD corrected result 
D =A minus B. Since BCD addition is an asymmetrical 
function, the circuit must be slightly modified for active 
Low operands. 
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The same BCD adder/subtractor described in the pre- 
ceding diagram can be used in a 16-digit BCD accumu- 
lator. The 9316 modulo 16 counter and the 93403, 
16 word by 4-bit read/write memory form a 16-digit 
serial memory (serial by digit, parallel by bit). The 9316 
increments and thus changes memory addresses on the 
rising edge of the clock. When the clock is High, the 
memory is in the READ mode (WE = High) and presents 
its contents on the active Low outputs O9_3. When 
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the clock is High, the 9375 4-bit latch with complement 
outputs is enabled, effectively re-inverting the memory 
outputs, cancelling the memory inversion. The BCD 

adder/subtractor adds the B inputs to, or subtracts them 

from, the accumulator. When the clock goes Low the 

9375 latches are disabled, freezing the accumulator 

outputs, and preventing a race condition when the Low . 
clock (WE = Low) enters the output of the adder/ 

subtractor into the memory. 
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For very slow applications, BCD addition/subtraction 
can be economically performed with counters. This 
circuit adds/subtracts (or accumulates) 4-digit BCD 
numbers in less than 3 ms, using eight up/down BCD 
counters, three gate packages, and a dual flip-flop for 
control. This uses considerably less hardware than an 
equivalent bit-serial or character-serial BCD adder/ 
subtractor requires. 


In the idle condition the Start input is Low, the Busy 
output is Low, Qj, is Low, and the internal clock is 
High and steady. A Low-to-High transition of the Start 
input generates a parallel load signal to counters A and 
B, asynchronously presets Q9, and starts generating a 
Busy output while starting the internal oscillator 
(6 MHz). During the first Low clock period, both 
counters are asynchronously loaded and Qo is asyn- 
chronously preset. The second Low-to-High clock tran- 
sition resets Q9 which generates an active Low clock 
pulse on the CPp input of counter B and on either the 
CPy (for addition), or the CPp (for subtraction) input 
of counter A. The next Low-to-High clock transition 
terminates this pulse and causes both counters to 
change, provided the TCp output of counter B is still 
High. This clocks the two counters together until the 
TCp output of counter B goes Low indicating that the 
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previous clock pulse decremented B to zero. The clock 
pulse that has already started must, therefore, neither 
increment or decrement counter A. This is accomplish- 
ed by keeping the Q9 High and leaving the clock to the 
counters Low. Thus, counter B is at zero and counter A 
contains the desired sum or difference. 


If the Start input has gone Low, the output Busy line 
goes Low when the TCp output from counter B goes Low. 
This causes the internal clock generator to stop indica- 
ting the operation is finished. If the Start input has not 
gone Low, output Busy stays High. The internal clock 
continues, but both counters remain fixed. The first 
clock pulse after Start goes Low terminates output Busy, 
stops the clock, and ends the operation. 


This circuit is easily converted to an accumulator by 
keeping the PL inputs of the A counter High. Such a 
circuit operates in either binary or BCD notation, as 
long as the appropriate counters are used (9366 for 
binary, 9360 for BCD). Binary operation offers no ad- 
vantage because a straightforward ripple carry adder 
using 9383s for both faster and more economical. Using 
binary devices in one counter and BCD devices in the 
other makes this circuit a code converter (binary-to- 
BCD or BCD-to-binary). 
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LEADS tons (8) 
Ao to A3,Bo to B3 Operand Active Low Inputs 3 UL 
SqQ.S4 Mode Select Inputs 1 UL 
CG, Active Low Carry Generate Input from immediately preceding stage 3 UL 
CP; Active Low Carry Propagate Input from immediately preceding stage 1 UL 
CGo Active Low Carry Generate Input from second preceding stage 2 UL 
CP5 Active Low Carry Propagate Input from second preceding stage 1 UL 
CG3 Active Low Carry Generate Input from third preceding stage 1 UL 
COE _- Carry Out Enable Input 1.5 UL 
FoF 4,Fo,.F3 Function (Active Low) Outputs (**) 10 UL 
COTEG Carry Out/Carry Generate (Active Low) Output (**) 10 UL 
cP Carry Propagate (Active Low) Output (**) 10 UL 


*1 Unit Load (UL) = 40uA High/1.6 mA Low 


**10 UL is the output Low drive factor and 20 UL is the output High drive factor. 


The 9340 MSI Arithmetic Logic Unit is a high speed 
combinatorial circuit capable of performing not only 
addition and subtraction, but also several logic func- 
tions on two 4-bit binary words. Internally, the device 
uses carry lookahead logic for its high speed. Provision 
is made for carry lookahead interconnections between 
several 9340s without the need for additional logic. 


The ALU is suitable for use in general and special pur- 
pose digital computers as the center of high speed 
arithmetic units. The 9340 can perform arithmetic on 
binary numbers in ones complement or twos comple- 
ment. The input data can be either active High or active 
Low. 
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The 9340, functionally, can be divided into several 
parts. At the top is a set of gates that produce the AND 
and OR functions of the A and B inputs. 


AjBj = &; 
Aj + Bi = Vj 


The gates that form the & and V functions are under 
the control of the So and S 1 inputs so that several 
different AND and OR functions can be formed. The 
functions, instead of being AB and A + B, may be AB 
and A + B. This control is used to vary the functions 
_ performed by the circuit. The two sets of functions 
cited above are typically used for addition and subtrac- 
tion, respectively. At the bottom of the figure shown is 
a set of adders, which add (Ex OR) the & and V signals 
for a particular bit, and the appropriate carry in. At the 
left of the logic diagram is a set of gates producing a 
carry in function. These gates accept CG and CP out- 
~ puts from other 9340s to produce a carry in. Carry In = 


CG_, ° CP_, + CG_| ® CG_» e CP_5 + CG_] e CG_9 e CG_3 


The subscripts -1, -2, and -3 refer to the preceding 
devices. A carry in to one 9340 is produced by a Carry 
Generate from the immediately preceding device (CG_1) 
or by a propagate from the preceding device and a 
Carry Generate from a 9340 two devices back (CP_, 
CG_9), etc. One of the select lines, Sj, blocks the pro- 
pagation of carries between bits. This control is used to 
select logic or arithmetic functions. For example, sub- 
traction is basically A © B © Carry. 


If S4 is High, carries are forced at all bits and the 
output becomes A ® B @1=A @ B. 


At the right of the figure is a series of gates producing 
look ahead carry out functions. One gate produces an 
active Low carry propagate over the block of four bits. 
Logically, it is the AND of the four internal Carry Pro- 
pagates. Functionally, it means that if there is a carry- 


CG/CO 


in to this package, there should be a carry out to the 
next package. It is activated by the presence of 1111 in 
the 9340. CP =V3V9V41Vo 


MSB_ LSB 
Word A 10 1 0 
Word B 1 1 0 +1 
Sum 1 1 #1 =#1 + #«24'Carry Propagate” 


_ The other gate forms an active Low Carry Generate for 


the block of four bits. The CG is a carry out from this 
particular device. 
CG = &3 + V3Z&o + V3V2&q + V3V0V1&o 


Note that neither CG nor CP outputs are in any way 
affected by a carry in signal. They are only functions 
of the A and B operand inputs. 


The CG signal can be turned into a true carry out if one 
additional term is added to include a carry in condition. 
This term is controlled by the COE lead (Carry Out 
Enable). Since Carry Out=CG+CP Cy, for the 9340 
CG/CO = CG + CP Ciyy COE. The internal carry signals 
for the 9340 are defined by the following equations 
(Co Cy Co refer to the internal carry signals to the 
four bits): 


Cin = CG_, + CP_ CG_p + CP_y CP_9 CG_3 

Co=S1+Cin 

Cy = Sq + (&Q + Vo Cyn) 

Co = Sq + (8&1 + Vy &Q+ Vy Vo Cin) 

C3 = Sq + (&2 + V2 &4 + V2 Vy & + V2 V1 Vo Cin) 

CP (output) = V3 Vz V4 Vo 

CG (output) = (&3 + V3 &o + V3 Vo &1 + V3 V2 V1 & 
+ V3 V2 Vq Vo Cin COE) 
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&Ve Carry Function 


The So and Sq inputs control the function of the 9340 


in two ways. First, they determine the particular AND L oL A®Be Carry | A subtract B 
and OR functions produced by the input gating, and 
second, the S, input determines whether or not car- HL A®@BeCarry| A add B 
ries are propagated between the bits in the 9340. The Lt oH A@B 01 A Ex-OR B 
functions of the 9340 are outlined in the table. Each an 

gz H H AB ©1 A AND B 


F; output is &| Vj ® Carryj. If Sq is High, a carry 
is forced and the function becomes & V; @ 1. The 
table is for active Low A, B, and F. 


9340 FUNCTIONS FOR ACTIVE HIGH B AND ACTIVE LOW A AND F 


&Ve Carry Function 


AeBe Carry add 
A ®B ®Carry subtract 


The corresponding function for inputs and outputs of A®Bel compare 
various polarities may be determined by making the —= 

required inversion of the variables. For example, if B AB @ 1 AND 
is active High and A and F are active Low, the functions 

are found by replacing B with B. 


9340 FUNCTIONS FOR ACTIVE HIGH A, B, AND F 


&V ® Carry Function 


Carry =A ®Be Carry subtract 
Carry = A® B® Carry add 
compare 


OR 


The functions for active High A and B and active High F 
are found by replacing A and B and carry in the first 
table with A and B and carry and then inverting the 
entire function. 


Be 
Be 
Be 
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Functions for all useful representations of the 9340 are 
shown in Logic Equivalents. The output signals labeled 
CG and CP are “carry generate”’ and “‘carry propagate”’ 
only in the active Low representation. When the oper- 
ands are active High, the nature of the CG and CP sig- 
nals changes. The CG output becomes similar to an 
active High CP, and the CP output becomes similar to 
an active High CG. It is important to recognize at this 
point that an adder is always an adder. Once the carry 
signals are connected, the polarities of the inputs and 
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So S41 


Function 


A subtract B 
A add B 
A EXOR B 
A AND B 
So. «(Sy Function 
L L A add B 
H L A subtract B 
L H A equivalent B 
H H A AND B 
So S41 Function 
L L A subtract B 
H L A add B 
L H A equivalent B 
H H A OR B 
So 34 Function 
L L A add B 
H L A subtract B 
L H A EXOR B 
H H A OR B 


outputs of an adder can be changed, but the device is 
still an adder. 


This implies that even though the carry signals from 
the 9340 are no longer ‘carry propagate”’ and ‘’carry 
generate’, they can be connected to other devices ex- 
actly as if they were, and the adder will operate proper- 
ly. To be accurate, the carry signals have been relabel- 
ed CX and CY in the active High case. 
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The 9340 can be used to perform arithmetic operations 
in all three binary signed number representations, in- 
cluding the most complex, sign magnitude. Sign mag- 
nitude is complex because when the signs are different 
— and an addition takes place, or when the signs are 
the same and a subtraction takes place — the absolute 
magnitude of the difference between the numbers is 
required. There is also the problem that the sign bit 
must be handled separately. The figure shows a sign 
magnitude 5-bit Arithmethic Logic Unit that uses two 
9340s, one for performing addition and subtraction on 
the two operands and the other to form the twos comp- 
lement of the result, if the result of the previous opera- 
tion is negative. The scheme can be extended for larger 
word lengths; unused inputs at the most significant end 
of the first level of ALUs should have the A inputs at 
ground and the B inputs at a High logic level. Because 
of these complications, sign magnitude arithmetic is 
rarely used except where a small amount of processing 
is involved and the operands are available in the sign 
magnitude representation. In most systems it is more 
efficient to work in complement arithmetic converting 
to sign magnitude as required. 
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Some machines use ones complement arithmetic be- 
cause of the apparent simplicity of performing subtrac- 
tion in this representation. The main disadvantage is 
that the end around carry causes extra delay, and only 
three ALUs can be cascaded in the first section of sys- 
tems using 9340s. The connections are shown. 


The most popular method used in binary machines is 
twos complement arithmetic. The sign bit is treated in 
an identical manner to the rest of the word and, instead 
of an end around carry, a carry in is immediately forced 
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TWOS COMPLEMENT 


when a subtraction takes place. This can conveniently 
be done in an ALU built using 9340s by connecting the 
So input to the CG_,; input of the first ALU in the 
chain. All applications performing arithmetic assume 
that the twos complement representation is used. The 
16-bit Arithmetic Logic Unit shown is for numbers re- 
presented in the two complement notation using active 


Low operands; for active High operands the connection 


is the same except that an inverter must be inserted 
between the So input and the CX_, line. 
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Additional blocks of 12 ALU stages can be connected to 
form ripple block addition and give very high speed 
arithmetic over large word lengths with no extra carry 
circuitry required. Since only two additional gate de- 
lays are incurred for each 12-bit increment, and when 
a separate carry lookahead package is used, two delays 
are incurred for each level of lookahead, the 9340 is 
at least as fast as a 2-level lookahead for up to 28-bit 
words. 


COMPARISON FUNCTIONS 


Magnitude comparison of the inputs to the 9340 is perform- 
ed with the device in the subtract mode and observing the 
Carry Out signal. In a twos complement subtraction (with 
Carry In active), the function performed is A - B. If the Carry 
Out signal from the sign is active, then A is greater than or 
equal to B. If the Carry input is removed, the function is A 
minus B minus 1. If the Carry output is active for this opera- 
tion, then A is greater than B. When only the first case is true, 
obviously A = B. 
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Four 9340 ALUs can be connected to form a 16-bit 
full lookahead ALU. This ALU can work in one or two 
complement arithmetic representations and in the 
active Low or active High logic representations. If long- 
er word lengths are required, 12-bit ALU blocks con- 
nected as shown in the dotted area of the diagram can 
be cascaded at the end of the 16-bit full lookahead 
portion. 


Equivalence between A and B may be detected directly by 
using the Carry Generate and Carry Propagate outputs of the 
9340. If A and B are equal, then in the subtract mode or in 
the Exclusive OR mode, all the internal V signals will be active 
and none of the internal & signals will be active. This is de- 
tected at the outputs by the condition, Equivalence = CP « CG. 
Equivalence over the entire word is detected by forming the 
above function for each 9340 and ANDing all the signals. 
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This ALU is a parallel 4-bit MS! device that can perform 
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logic operations. 


LOADING 
Operand (Active Low) Inputs 3 UL 
Function — Select Inputs 4 UL 
Mode Control Input 1 UL 
Carry Input 5 UL 
Function (Active Low) Outputs 10 UL 
Comparator Output Open Collector 
Carry Generate (Active Low) Output 10 UL 
Carry Propagate (Active Low) Output 10 UL 
Carry Output 10 UL 


The device has a Carry In, a Carry 


16 arithmetic and all 16 possible logic operations on 
two 4-bit parallel words. The significant arithmetic 
operations are add, subtract, pass, increment, decre- 
ment, invert, and double. The operation is selected by 
four select lines Sg - S3 and a mode control line M, 
which is Low for arithmetic operations and High for 
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Out for ripple carry cascading of units, and two look- 
ahead auxiliary carry functions, Carry Generate and 
Carry Propagate for use with the carry lookahead 9342. 
An open collector A = B output is also provided that can 
be AND-tied to the A = B outputs of other ALUs to de- 
tect an all High output condition for several units. 
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9341 OPERATION 
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In the logic of this ALU, four identical AND/OR net- 
works gate the A and B input operands with the four 
select lines Sg - S3 to produce the required first 
level auxiliary AND and OR functions. These are then 
used to generate the sum and carry functions. Internal 
carry lookahead gives high speed. The A = B output is 
generated by sensing the all one condition at the F out- 
puts. When control M is in the High state, carries are 
inhibited from propagating and logic functions are gen- 
erated at the outputs. The functions available with the 


device form a closed set such that inversion of the logic 
inputs produces a function which is still in the set. 
Therefore, the device performs the same logic and arith- 
metic functions in the active High representation as it 
does in the active Low representation, but with a dif- 
ferent select code. If a mixed representation is employed, 
the majority of useful functions are still available. The 
four modes of ALU use are shown above. The operation 
tables for each mode are shown on the next page. 
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Arithmetic 


A minus 1 
AeB minus 1 
AeB minus 1 


A plus (A + B) 


A+B 
A plus (A + B) 
A plus B 


A+B 


A plus AeB 


A plus AeB 
A 


ek oe eee ee TE ee eo ee. I 


A 
A+B 
A+B 


A plus AeB 


AeB minus 1 
A plus A*B 
A plus B 


A*B minus 1 
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A minus 1 


A_minus 1 
AeB minus 1 
AeB minus 1 


A plus B 
A+B 


A+B 


Logic ‘O° 
AeB 


AeB 


A plus AeB 
A plus AeB 
A 


ao ee as es a es ee eke Oe Pe eee 


L _A A_ 

L AeB A+B 

L A+B A+B 

L Logic ‘O minus 1 (2s comp.) 
L A+B A plus AeB 

L B AeB plus (A + B) 
L A®B A plus B 

L AeB AeB minus 1 

H A*B A plus AeB 

H A®B A minus B minus 1 
H B AeB plus (A + B) 
H AeB AeB minus 1 

H Logic ‘1 A plus A (2 x A) 
H A+B A plus (A + B) 

H A+B A plus (A + B) 
H A A minus 1 


minus 1 (2s comp.) 


AeB plus (A + B) 
A minus B minus 1 


AeB plus (A + B) 


A plus A (2 x A) 


minus 1 (2s comp.) 


AsB plus(A + B) 
A minus B minus 1 


AeB plus (A + B) 


A plus A (2 x A) 
A plus (A + B) 
A plus (A + B) 


minus 1 (2s comp.) 
A plus (A + B) 
AeB plus (A + B) 


A plus (A + B) 
A minus B minus 1 
AeB plus (A + B) 


A plus A (2 x A) 


Arithmetic 


(M =L, Co = Inactive) (M =L, Co = Active) 


A 
AeB 
AeB 
Zero 
A plus (A + B) plus 1 
AsB plus (A + B) plus 1 
A minus B 
A+B plus 1 
A plus (A + B) plus 1 
A plus B plus 1 
AB plus (A + B) plus 1 
A +B plus 1 
A plus A (2 x A) plus 1 
A plus AeB plus 1 
A plus AcB plus 1 
A plus 1 


A plus 1 
A+B plus 1 
A+B plus 1 
Zero 
A plus AcB plus 1 
AcB plus (A + B) plus 1 
A minus B 
AeB 
A plus AeB plus 1 
A plus B plus 1 
AsB plus (A + B) plus 1 
AeB 
A plus A (2 x A) plus 1 
A plus (A + B) plus 1 
A plus (A + B) plus 1 
A 


A 
AeB 
AeB 
Zero 
A plus (A + B) plus 1 
AsB plus (A + B) plus 1 
A plus B plus 1 
A +B plus 1 
A plus (A + B) plus 1 
A minus B . 
AsB plus (A + B) plus 1 
A+B plus 1 
A plus A (2 x A) plus 1 
A plus AeB plus 1 
A plus AeB plus 1 
A plus 1 


A plus 1 
A+B plus 1 
A +B plus 1 
Zero 
A plus AsB plus 1 
AeB plus (A + B) plus 1 
A plus B plus 1 
AeB 
A plus AeB plus 1 
A minus B 
AeB plus (A + B) plus 1 
AcB 
A plus A (2 x A) plus 1 
A plus (A + B) plus 1 
A plus (A + B) plus 1 
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The 9341 ALU can be used in a variety of carry modes. 
The simplest of these is in a ripple carry mode where 
the Carry In Cj, of an ALU is driven by the Carry Out 
signal Cy from the previous ALU. This method of pro- 
pagating the carry is slow for large word lengths but 
has the advantage that additional carry circuits are not 
required; if several levels of lookahead are permitted 
and extra logic is used, the speed of the ALU can be 
improved. The 9341 gives the auxiliary carry functions 
Carry Generate and Carry Propagate which can be used 
with the 9342 to give complete carry lookahead or 
ripple block lookahead. In this latter mode, the ALU is 
Split into 16-bit blocks, each with its own lookahead 
with carries allowed to ripple between the blocks. The 
9342 accepts up to four sets of Carry Generate and 
Carry Propagate functions and a Carry In and provides 
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the three Carry Out signals required by the ALUs and 
also the next level auxiliary functions. These auxiliary 
functions generated by the carry lookahead circuit 
allow further levels of lookahead. Unfortunately, to 
satisfy signal polarities, a penalty of two gate delays 
is incurred for each level of lookahead, and the aux- 
iliary functions are rarely used over more than two 
levels of lookahead. The logic symbols and logic diagram 
of the 9342 carry lookahead circuit are shown above. 
The auxiliary logic functions in the active High case are 
not Carry Generate and Carry Propagate, they have been 
labeled X and Y, respectively. Of course, they are con- 
nected in the same manner as the active Low case. In 
this logic design, the auxiliary functions are used to 
generate the three Carry Out signals and the two aux- 
iliary functions required for further levels of lookahead. 


Ay2 812 A13813 Ar4 By4 Aig B15 
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4 


A=B A=8) 
9341/74181 9341/74181 
4-BIT ARITHMETIC 4-BIT ARITHMETIC 
LOGIC UNIT GIO LOGIC UNIT fe] © 


Po Go Pi Gy P2 G2 P3 G3 
9342/74182 


Ch 


A single carry lookahead circuit is used with four 9341 
ALUs to perform arithmetic operations with complete 
carry lookahead over 16-bit words. For word lengths of 
20 and 24 bits, the fastest speed is achieved by only us- 
ing a single 9342 as above and letting the carry ripple 
through the additional one or two 9341s. For word 


CARRY LOOKAHEAD 
GENERATO 


R Plo 


tx Crty Chez 
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lengths of 28 and 32 bits, the fastest speed is achieved 
by using two 9342s, constructing two blocks similar to 
the 16-bit block above, and letting the carry ripple from 
the first block to the second. Only when the word length 
exceeds 32 bits is there a speed advantage in using three 
levels of carry lookahead. 
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Total Add Time Package Count 
No. of Addition Time Per Bit 
Bits (ns) (ns) 9341 9342 
4 21 5.2 1 
8 36 4.5 2 
12 48 4.0 3 
12 36 3.0 3 1 
16 60 3:7 4 
16 36 2.2 4 1 
32 110 3.4 8 
32 86 2.7 8 1 
32 62 1.9 8 2 
48 160 3.3 12 
48 136 2.8 12 1 
48 112 2.3 12 2 
48 88 1.8 12 3 
48 64 1.3 12 4 
64 210 3.3 16 
64 162 2.5 16 2 
64 138 2.2 16 3 
64 101 1.6 16 4 
64 64 1.0 16 5 
There are various methods of using the 9342 with ALUs siderably decreases the delay for typical word lengths 
to perform arithmetic operations over large word used in digital systems. The addition delay times for 
lengths. The table above gives typical delays realized various configurations are given. Subtraction times 
from various connection methods. It shows how the are approximately 3 ns longer. 


use of a small number of carry lookahead packages con- 
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ARITHMETIC WITH THE 9341 


The 9341 can be used as an arithmetic element in all the 
common binary number representations. The basic concepts 
as discussed for the 9340 apply also to the 9341. The most 
difficult number representation is sign magnitude. The 9341 
is more flexible than the 9340 but additional peripheral logic 
must be used to decode the desired functions required by the 
select lines, and the Carry In at the first stage. The two most 
useful additional arithmetic operations that the 9341 has as 


COMPARISON WITH THE 9341 


Several comparison functions can be performed with 
the 9341 by using the A = B and the C4 outputs. The 
A = B output is better described as “F = 0,” since this 
output goes High anytime all the F outputs are High. 
Therefore, the outputs are not only used for comparing 
A = B during a subtract operation, but also to ascertain 
that the function outputs are all High after any arith- 
methic or logic operation. In the PASS operation, the 
output indicates that one of the operands is equal to 


Operation 


A minus B 


A=B 

H A#B 

Carry Out H A minus B A<B 
(C4 for active High operands) L A minus B A2B 
(C4 for active Low operands) H A minus B minus 1 A<B 

L A minus B minus 1 A>B 


compared to the 9340 are “double A”’ multiplication, division 
and square root operations. It is often possible to use the 
select code on the ALU to effectively perform additional de- 
coding, for example if a control signal is to select between 
“add A and B” when S is High and “‘pass A” when S is Low, 
then (for the active High case) So is tied to S3 to form S, 
and S1 and So are tied Low. This type of operation (Add or 
Pass) is useful in multiplication routines. 


Active LOW Logic Active HIGH Logic 


A =(B minus 1) 


zero. In the Exclusive-OR operation, it indicates that 
the two operands are identical. In the EQUIVALENCE 
operation, it indicates that the two operands are com- 
plementary. For unsigned numbers with the most sig- 
nificant bit positive, the Carry Out of the ALU indicates 
relative magnitude. This table lists the various compari- 
son functions which can be performed in active High and 
active Low logic. 
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ARITHMETIC REGISTER SYSTEMS 


In most digital machines, the Arithmetic Logic Unit is part of 
a data processing section which includes one or more data 
storage registers and some multiplexers for data routing, shift- 
ing, etc. Because different MSI functions work together so 
well in this application, it is important to consider several 
such systems. The most useful components for these systems, 
besides the 9340 and 9341 ALUs are the 9300 universal 
register, the 9338 multiple-port register, and the 9309 dual 
4-input multiplexer. The 9338 is used in many mini computer 
applications because it provides eight accumulators in a con- 
venient 3-address structure in one package. The systems 
shown can use either the 9340 or the 9341, though for illus- 
tration purposes only one of the two devices is shown. 
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SINGLE ADDRESS ARITHMETIC REGISTER 


The 4-bit slice of a single address arithmetic register shown 
opposite incorporates a 9340 arithmetic logic unit, 9309 
multiplexers for shifting capability, and 9300s acting as work- 
ing registers A, B, and C. Double length is possible by shifting 
the operand through the adder and the other half through the 
9322 associated with the second working register. A third 
register, C, allows multiplication and division. This register 
normally would hold the divisor in division and the multipli- 
cand in multiplication. The 9340 ALU is very useful in con- 
junction with the 9338 multiple-port register for processing 
systems with 2, and with 2 or 3-address formats. 
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1 1=UNUSED So { | 
DUAL 1-OF-4 ee ry 7M 
ee SELECT DUAL 4-INPUT MULTIPLEXER DUAL 4-INPUT MULTIPLEXER 


i 
Oo 01 02 03 Za{ 2b 


2b 


0 = LOAD 
1 =R SHIFT 


SHIFT INPUT 


SHIFT REGISTER 
MR Qo Q} Q2 Q3 


SHIFT R OUTPUT 
A REG 


SHIFT L INPUT 
B REG 
E loa Ma 'Ob !1b loc N11 lod Ha 


9322 QUAD 
2-INPUT MULTIPLEXER 


2g 


LOAD/L SHIFT 
0 = LOAD 
1 =R SHIFT 


Ss 


Za 


LOAD/R SHIFT 
0= LOAD 
1=R SHIFT 


B REGISTER 


PE Po Py Po P3 


9300 
CP 4-BIT UNIVERSAL O31, 
SHIFT REGISTER 


MR Qo Q1 Q2 O3 


SHIFT R INPUT 
B REG 


SHIFT L OUTPUT SHIFT R OUTPUT 


B REG B REG 
loa 1a '2a '3a lob 1b !2b 3b 5 1oa '1a !2a I3a lob '1b !2b I3p 
te) 
DATA “A” 9309 9309 
SOURCE SELECT DUAL 4-INPUT MULTIPLEXER DUAL 4-INPUT MULTIPLEXER 
S} | 
Za Za | 2 2b 
A C REGISTER 
PE Po Py P2 P3 
9300 
CP 4-BIT UNIVERSAL 03/0 
- SHIFT REGISTER 
MR Qo Q} Q2 03 
rH 
loa !1a l2a Iga lob 1b !2b !3b loa '1a !2a I3a lob 1b !2b !3p 
DATA “B" 9309 9309 
SOURCE SELECT DUAL 4-INPUT MULTIPLEXER DUAL 4-INPUT MULTIPLEXER 
i | 
Za i 2b Zp Za | 2b 2b 
ee ee eS ni 
LT 1 a 
Saran 
Phd $$ 
Pid 
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SHIFT L 
INPUT 
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9309 
DUAL 4-INPUT MULTIPLEXER 


9309 
DUAL 4-INPUT MULTIPLEXER 


ALU BUS | 
OUTPUTS 
- in 
P SLE i P Da CP SLE 
9338 9338 
8-BIT 8-BIT 8-BIT 
REGIST mule Me mui ie 
REGISTER REGISTER REGISTER REGISTER 
2b Zc 
5 loa 1a '2a '3a | lob '1b !2b !3b loa 1a '2a I3a : lob '1b !2b 13b 
SOURCE ii 7 9309 
REGISTER 1 DUAL 4-INPUT MULTIPLEXER DUAL 4-INPUT MULTIPLEXER 
loa '1a '2a 13a! lob '1b !2b !3b 
So | 
SOURCE 9309 
REGISTER 2 fl DUAL 4-INPUT MULTIPLEXER 
2p 2b 
This is a 4-bit slice of a typical 3-address arithmetic logical operations in a 3-address format. By appro- 
register system where two operands can be taken from priate microinstructions, two consecutive register ad- 
any two registers, operated upon, and the result written dresses can be used as a double-length register for 
into any register in the system. Three addresses are multiplication and division. Provision is made by 9309 
required, two for the source operands and one for the multiplexers in the design to allow peripheral and stor- 
result. The unit can perform arithmetic, shifting, and age inputs to be sent to the ALU. 
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FUNCTION 
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SELECT 
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MULTIPLEXER 


f TT] FROM F4 
NEW DATA } 2 a 
INPUT 1 aig j 
0 
loa 'ta!2a !3a | lob '1b !2b !3p 
| Xo Ss | 
SEE OPERATION 9309 
SELECT TABLE DUAL 4-INPUT MULTIPLEXER 
(SHIFT ENABLE) X4 
eee | 
ae aa 
eer ee ee ee ee ee 
OUTPUTS 
OPERATION 
L L LOAD NEW DATA 
H L NO SHIFT 
L H SHIFT LEFT 
H H SHIFT RIGHT 
A slightly simpler system using the 9341 ALU is shown. ed before being returned to the 9338. There is only 
The 9338 provides eight working registers in a 3- one location for new data to enter the system. The L-L 
address format, as before. Only one multiplexer is used code on the multiplexer’s select inputs routes data from 
in the loop, instead of three. This means the outputs of the external source to the inputs of the 9338. 


the 9341 can be shifted left, right, or remain unchang- 
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PE = SYNCHRONOUS 
PARALLEL ENABLE 
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CE = COUNT ENABLE 

CP = CLOCK PULSE 


Many digital systems perform multiplication and divi- 


sion; computers generally break these operations down — 


into simpler functions such as add, subtract or shift and 
existing arithmetic logic units (ALUs) can perform these 
operations under program control. In these systems, 
multiplication and division are actually performed by 
software. 


However, there are systems requiring special hardware 
to perform multiplication and division. These are either 
small, simple systems in which overhead (program stor- 
age and control necessary for software implementation) 
is prohibitive, or they are sophisticated high speed sys- 
tems (like Fast Fourier Transforms and other scientific 
real time computers) in which software multiplication 
and division is too time consuming. 


Multiplication and division in slow systems can be per- 
formed in several different ways. The slowest method 
uses counters and is particularly attractive for BCD oper- 
ation or in special cases where the operands are ex- 
pressed in different numbering systems. The algorithm 
used in a counting multiplier/divider either counts M 
pulses n times for multiplication or counts the number 
of times n can be subtracted from M for division. In the 
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method illustrated, a switch is used to select multiplica- 
tion or division. The same system can perform addition 
and subtraction with slight modification. During multi- 
plication the multiplier is stored in a latch or register. 
The multiplicand is loaded into one of the down coun- 
ters while the multiplier is loaded into the other one. 
Clock pulses are then fed to the multiplier (down coun- 
ter) and the totalizer (up counter). The multiplier is 
counted down until it reaches state “1”. This state is 
decoded and used to reload the multiplier into the coun- 
ter and also to decrement the multiplicand counter by 
one. This process continues until both counters reach 
state ‘'1''. This condition is decoded, stops all counters, 
and generates an Output Ready signal. 


Division is performed by loading the divisor into the 
latch and one of the down counters and loading the 
dividend into the other down counter. In division, the 
two down counters are decremented simultaneously 
until both reach state ‘1’; but every time the divisor 
counter reaches ‘1, it is reloaded and the totalizer is 
incremented once. Thus the totalizer counts the number 
of times that the divisor must be reloaded in order to 
exhaust the contents of the dividend counter. 


MULTIPLIERS/DIVIDERS 


FULLY SERIAL BINARY MULTIPLIER 


H= 
LOAD 


1/2 9328 
DUAL 8-BIT 


HIFT REGISTER 
on Q15 


B REGISTER 


1/2 9328 
DUAL 8-BIT 
SHIFT REGISTER 
Q15 


MQ REGISTER 


1/2 9328 
DUAL 8-BIT 


ACCUMULATOR 


The simplest binary multiplier uses the conventional 
shift-and-add algorithm with a bit-serial (shift register) 
accumulator. Depending on the LSB of the multiplier, 
the multiplicand is serially added to the accumulator or 
is ignored; then the multiplier is shifted one bit and the 
process repeated. Ann x n-bit multiplication requires 
n serial additions and approximately n2 clock pulses; 
but it is possible to save almost half of these in an aver- 
age multiplication. 


The circuit shown is a fully serial 16 x 16-bit binary 
multiplier. Initially the multiplicand is stored in the B 
register and the multiplier in the MQ register. During 
the next 16 clock pulses the multiplicand is ANDed with 
the multiplier. This partial product is added to any con- 
tents of the accumulator and the sum is returned to the 
accumulator. Carries are stored in the carry flip-flop. 
The 17th clock pulse sets the Count 17 flip-flop. This 
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prevents the multiplicand from shifting, but allows the 
accumulator and MOQ register to shift once. As a result, 
the LSB in the accumulator enters the MO register, the 
carry flip-flop contents shifts to the MSB of the accumu- 
lator, clearing the carry flip-flop. This circuit saves time 
by skipping zeros in the multiplier. When the LSB of the 
multiplier is a zero, an artificial Terminal Count is 
forced, saving 16 unnecessary clock pulses. An average 
multiplication needs 144 clock pulses; the longest mul- 
tiplication requires 272 clock pulses (55 ys at 5 MHz). 
At the end of the multiplication, the TC of the second 
9316 counter goes High. After the next clock pulse, 
the most significant 16 bits of the product is properly 
aligned in the accumulator and the least significant 16- 
bits of the product is in the MQ register. Operands of 
any length can be used by varying the shift register . 
length and the counter modulo mode. 
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8 BY 8-BIT BINARY MULTIPLIER 


cut 
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This circuit performs the conventional shift-and-add 
algorithm for binary multiplication. It accepts two 8-bit 
words (Ag _ 7 and Bo - 7) and generates the 16-bit 
product Co _ 15 after 10 clock pulses. The system is 
self-contained, requiring a continuously running clock 
and generating a Ready signal that indicates when the 
product is available at the 16 outputs. In the Idle mode, 
the 9316 control counter is stopped in position O and 
the Qo Busy output is Low, inhibiting clock pulses to the 
input/output register. A High-to-Low transition on the 
Start input initiates a multiplication. The next Low-to- 
High clock transition resets Qo (Ready), generating Qo 
= Busy and enabling the clock to the input/output regis- 
ters. It also activates the Parallel Enable (PE) inputs of 
both the 9316 control counter and the A register, as 
well as the Master Reset (MR) inputs of the remaining 
output register. After the next clock pulse, the 9316 
control counter is loaded with code 8, the A register is 
loaded with the eight bits of factor A, and the remaining 
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registers are cleared. The next eight clock pulses per- 
form the actual multiplication. Each clock pulse does 
the following. 


@ Increments the 9316 control counter, and 

@® Right shifts the eight right-hand bits of the input/ 
output register, and 

® Right shifts the entire C register when the LSB of 
the A register is zero, or 

@ Adds factor B (Bo _ 7) to the contents of the eight 


leftmost positions of the C register (Cg _ 45) and 
inserts the sum one position further to the right 
when the LSB of the A register is one. 


When the control counter has reached TC (position 15) 
it sets Qg which generates Ready, removes the Busy out- 
put, indicating that the product is available at the out- 


puts Co _ 15. 
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CONTROL SECTION OF A 16 BY 16-BIT BINARY MULTIPLIER 


START 


Max. clock frequency MHz 


Multiply cycle time ps 1.6 


Number of components 


The binary multiplier previously described can be ex- 
panded to provide 16 x 16-bit multiplication. The con- 
trol counter must be extended by adding a least signifi- 
cant flip-flop and the adder and register arrays must be 
doubled. The longer ripple delay through the 9383 add- 
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9316 4-BIT 
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MR Qo Q1 Q2 Q3 
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CP TO OUTPUT 
REGISTER 


2 
7 MSI 13 MSI 
2% SSI 3 SSI 


ers limits the clock frequency to % 3 MHz (vs & 6 MHz 
for the 8 x 8 multiplier) resulting in a cycle time four 
times longer. System speed can be improved by using 
the faster (but larger and more expensive) 9340 carry 
lookahead adders. 
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COUNT AND SHIFT BCD MULTIPLICATION 


BCD multiplication is considerably more involved than 
binary multiplication due to the many binary-to-BCD 
corrections required. 


Since BCD notation is predominantly used in slow 
human-oriented systems, several unconventional meth- 
ods are attractive which trade off longer response time 
for less circuit complexity. One such method already 
illustrated uses counters for multipliers. A faster sys- 
tem multiplies two 4-digit numbers to generate an 8 - 
digit result in less than 300 us (typically in 150 ps) 
using 16 MSI and 3 SSI devices. It performs multipli- 
cation on a digit-by-digit basis, going through 16 opera- 
tions to generate the 16 partial products. Each partial 
product is generated by counting, but an 8-decade syn- 
chronous counter is used to accumulate and store the 
result using the synchronous parallel load feature to 
perform decimal shifts in accordance with the decimal 
weight of each partial product. 


In the Idle mode both control flip-flops Qo and Q4 are 
reset. Qo loads counter D continuously forcing its Q3 
output High which inhibits shifting and counting in the 
result counter/register currently holding the result of 
the previous multiplication. 


The first clock pulse (f ~ 6 MHz) after a Low-to-High 
transition on the Start input sets Qo which activates the 
Busy output, allows counter D to count, clears the C 
and R counters, and activates the PE input of counter B. 
The next clock pulse advances counter D to zero (where 
it stays until reloaded by TCB), and lets the two counters 
A and B count up, starting with the complement of the 
least significant digits of A and B. Counters C and R, 
however, are still held at zero by their MR inputs. When 
(after < 90 clock pulses) TCB goes High, it activates PE 
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of counter D, so that the next clock pulse loads a binary 
15 into this counter. TCB also activates the J input of 
control flip-flop Qy so that the next clock pulse termi- 
nates the Clear input to counters C and R. This ends the 
initializing housekeeping. 


When counter D was at 15, it had again loaded the 15 
complement of the LSDs of factors A and B into the two 
counters. When counter D goes to zero, it starts the first 
partial multiplication; letting counter A count to TCA, 
reload, count to TCA, reload, etc., each TCA increment- 
ing counter B, until TCB is reached. Counter R (the re- 
sult counter) is incremented every time, except when 
counters A or B are at TC. When TCB is reached, it 
increments counter C, so that the next digit of factor A 
is loaded into counter A. TBC also loads counter D with 
a binary 15, which shifts the contents of counter R one 
step down thereby effectively dividing R by 10. The 
same clock pulse loads counters A and B and increments 
counter D to zero, which starts the next partial product. 


When the last digit of A has been used, it is necessary to 
shift the contents of counter R two positions up (instead 
of one position down). This is achieved by loading a bi- 
nary 10 (instead of 15) into counter D, which results in 
six decimal down shifts, equivalent to two upshifts, 
since counter R shifts in a ring. 


The multiplication is finished when the last TCB incre- 
ments counter C from 15 to zero and generates TCC, 
which resets Qo, and inhibits all operations. Counter R 
now contains the product in its eight decade counters. 
The decimal positions are indicated in the result coun- 
ter/register. This circuit lends itself very readily to dis- 
play multiplexing of A, B, and R, since all the necessary 
multiplexing hardware is already there. 
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COUNT AND SHIFT BCD MULTIPLICATION 
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BINARY DIVISION 
Division is a more complex operation than multiplication for 


several reasons. 


@ Multiplication is usually performed by a sequence of shift 
and conditional add operations, where the bits of the mul- 
tiplier determine whether or not the multiplicand should 
be added into the accumulator. Division, on the other 
hand, is usually performed by a sequence of shift and con- 
ditional subtract operations, but the decision about sub- 
tracting the divisor from the dividend is based on whether 
or not this subtraction would cause underflow. This re- 
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REMAINDER 


quires either a magnitude comparator, or a trial subtrac- 
tion, followed when necessary by an addition to cancel it 
(restoring method), or it requires a more sophisticated 
control sequence, alternating between subtraction and 
addition (non-restoring method). 


While the result of a multiplication is always as long as 
both factors put end to end, division in most Cases gener - 
ates a result that is an infinite stream of bits and must 
therefore be cut-off by either truncating or rounding. 
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@ Moreover, while any number can be multiplied by any 
other number generating a meaningful and defined result, 
division by zero requires special consideration: dividing a 
non zero number by zero results in infinity (overflow), and 
dividing zero by zero results in an undefined answer. 


Most digital systems perform division by a sequence of sub- 
tract, test, and shift operations controlled by software and 
employing the same Arithmetic Logic Unit normally used for 
addition and subtraction. However, the addition of special, 
hard-wired circuits for the sole purpose of performing divi- 
Sion is sometimes required in systems which are either too 
small to have an ALU, or so large and fast that several opera- 
tions must be performed simultaneously in the shortest pos- 
sible time. 


The opposite page shows an example of such a hardware 
divider, an 8-bit binary divider built with MSI devices. This 
circuit accepts an 8-bit dividend (XQ - X7) and an 8-bit divisor 
(Yo - Y7) and generates a 16-bit quotient. !t is assumed that 
the binary points of the dividend and divisor are originally 
lined up before they are loaded into this divide circuit. The 
actual position of the binary point is not important as long as 
it is in the same position for both operands. 


The quotient has a binary point in the middle of the 16 bits, 
thus it always consists of an 8-bit integer portion and an 
8-bit fractional portion. The circuit, as shown, may be used at 
clock frequencies up to 5 MHz. At this speed, the result is 
generated in 2.2 to 5 us (11 to 25 clock periods). If the divi- 
sor contains a ONE in the most significant position the mini- 
mum divide time (2.2 ys) results. If the divisor is all ZEROs 
except for a ONE in the least significant position, the maxi- 
mum divide time (5 us) results. If speed is critical, the maxi- 
mum time for a division may be decreased to about 2 ps with 
9340s, 9341s, or 93S41s in place of the 9383s, using high 
speed versions of some of the other devices, and increasing 
the clock frequency. 


This circuit starts its operation by first shifting the divisor and 
the dividend (if necessary) until they are of a proper magni- 
tude for dividing. It then performs a series of shift and condi- 
tional subtract operations, the results of which determine the 
contents of the quotient register. X and Y are stored in two 
shift registers (9300s). The parallel inputs to the X register 
are multiplexed from two sources, either the dividend inputs 
(when loading) or the outputs of the subtractor (9383s), sup- 
plying the remainder of a subtraction, multiplied by two, 
through a 1-bit shift to the right. 


When performing a division, the circuit cycles through the 
following steps. 


@ The X and Y registers (9300s) are loaded. The counter 
(9316) and quotient register (9334s) are reset. The two 
flip-flops are set. 


® Both the X register and the Y register are shifted until 
either X7 or YZ is a ONE (High). This does not affect 
the placement of the binary point in the result. 


@ A priority encoder (9318) is used to load the counter 
(9316) with a number corresponding to the placement of 
the binary point in the result. (If both X7 and Y7 are ONE, 
a seven is loaded into the counter. If Y contains leading 
ZEROs, a correspondingly smaller number is loaded). The 
Control Flip-Flop (CFF) is reset. 
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@ If Y7 is still ZERO, the Y register is shifted until Y7 is a 
ONE, but the counter is not allowed to count. Dividend and 
divisor are now properly aligned for the division to start. 


Division is started by subtracting Y from X. If X < Y, X is 
shifted right (PE, = High). If X >Y, X is loaded with the 
result of the subtraction, shifted one place (PE, =Low), and 
a ONE is loaded into the latch (9334) position addressed 
by the counter. In either case, the counter is incremented. 
This step repeats until the counter reaches 15 (TC = High). 


@ CFF is set, division is complete. 


Subtraction is not necessarily possible when X7 is ONE. To 
permit the shifting of X in this case, an additional flip-flop 
(Xg) is used to store the most significant bit. Subtraction is 
performed by adding the ones complement of Y to X and add- 
ing ONE by forcing a carry into the least significant adder 
stage. The most significant adder output is not used, since a 
successful subtraction always generates a ZERO in this pOosi- 
tion. 


Any attempt to divide by zero is indicated by an output of the 
priority encoder. The ‘Division Complete’ output is not 
activated. 


One precaution should be observed when using the circuit as 
shown. The Load input (normally one clock period wide) must 
persist beyond the falling edge of CP, since this Load input is 
used as an asynchronous reset or set signal for the latches, 
counter and flip-flops, and they must be prevented from clock- 
ing on this clock edge. 


This divider does not attempt to round off the result, but pro- 
vides an exact result in the form of a quotient and a remain- 
der. The remainder may be re-entered and used to generate 
additional less significant bits. Alternatively, when shifting 
the dividend, instead of entering all ZEROs, a ONE followed 
by ZEROs or a ZERO followed by ONEs may be entered in the 
X registers. This has the same effect as generating a longer 
quotient and rounding it off, but the remainder is meaning- 
less. 


The 8-bit divider can easily be modified in one of several ways 
to meet specific system requirements. Expansion to 16 bits 
requires duplicating all MSI devices except the counter (an 
additional flip-flop suffices) and adding a few gates. If de- 
sired, shift registers (93164s) may be used in place of the 
addressable latches. In a serial system, the X and Y registers 
can be loaded serially and the quotient shifted out serially as 
it is generated. 


The divider circuit can be modified to divide two floating 
point numbers, (exponential notation). Since, in this nota- 
tion, the most significant bit of both the dividend and divisor 
is always a ONE, the 9318 priority encoder is not needed and 
the counter should always be loaded with the number seven. 
The division can be started immediately after loading the 
registers. A subtractor is needed to generate the exponent of 
the quotient by subtracting the exponent of the divisor from 
the exponent of the dividend. Assuming a number representa- 
tion consisting of a fractional mantissa (1 > X, Y >%) and an 
exponent, the quotient will be (2 >Z >). The quotient reg- 
ister need only be nine bits long, but the ability to perform a 
1-bit shift on the quotient and to add ONE to the exponent 
must be included in the circuitry. 
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9344 4 BY 2-BIT BINARY MULTIPLIER DESCRIPTION 


WwW Wi 
19 18 4 5 23 22 21 20 


9344 : 
BINARY (4-BIT X 2-BIT) 


9344 
BINARY (4-BIT X 2-BiT) 


FULL MULTIPLIER FULL MULTIPLIER 


Mo Mj Yo Y1 Xo X1 X2 X%3 


4x 2 MULTIPLIER 
8 PARTIAL PRODUCTS 


This block represents the basic 4 by 2-bit multiplier, 
and indicates the weighting factors (power of two) 
attached to each of the inputs and outputs. 


4X 2 MULTIPLIER 9344 Y 


_ Multiplication is one of the more common and time 
consuming operations in data processing. Most com- 
puters multiply by a series of additions and shifts, a 
process that is acceptable for occasional multiplication 
(as in business computations) but is very time consum- 
ing in many scientific calculations (matrix inversions, 
Fast Fourier Transform) and becomes intolerably slow 
when these calculations are performed in a real time 
system. 


A faster method is direct, combinatorial multiplication 
with a circuit that accepts two factors and generates 
the product without any sequential delays. Such a 
circuit uses a gate array to multiply (AND) each bit 
of factor A with each bit of factor B, and an adder array 
to add all partial products by binary weight. A 16 by 
16-bit multiplication generates a 256-bit partial 
product for a 32-bit sum. This addition is fairly in- 
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My Ro Mo 


volved and must be performed with several levels of 
adders, because many partial products have identical 
weigNts. 


The 9344 binary full multiplier offers a simple, fast 
and economical solution. It can be used as a building 
block (iterative cell) to build high speed binary multi- 
pliers of any size, without requiring any additional com- 
ponents. 


The 9344 multiplies one set (X) of four inputs with an- 
other set (Y) of two inputs, generates eight partial prod- 
ucts and adds them in a fast carry lookahead adder. It 
also adds two sets of additive inputs, one four bits wide 
(K), the other two bits wide (M), generating a 6-bit sum 
at the S outputs. The range for X and K is: O - 15, the 
range for Y and M is O - 3. The range for the sum out- 
put is O -(3x 15+ 15 + 3) = 63. 
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Binary Weight of Inputs and Outputs on the 9344s 


x Y S M K 
(1) | 0,1,2,3 0,1 0,1,2,3,4,5 01  0,1,2,3 
(2)| 0,123 2,3 2,3,4,5,6,7 23 2,3,4,5 
(3)| 01,23 45 4,5,6,7,.8,9 45  4,5,6,7 
(4)| 0.1.2.3 6,7 6,7,8.9,10,11 6.7 6,7,8.9 
(5)| 4,5,6,7 0,1. 4,5,6,7,8,9 45  4,5,6,7 
(6)| 4,5,6,7 2,3. 6,7,8,9,10,11 67 67,89 
(7)| 4,5,6,7 4,5 8,9,10,11,1213 89 89,1011 
(8)| 4,5,6,7 6,7 10,11,12,13,14,15 10,11 10,11,12,13 


The 9344 can be used to build binary multipliers of any 
size, using one device for every eight partial products. 
For example, an 8 by 8-bit multiplier generating 64 par- 
tial products requires eight 9344s. The first 9344 mul- 
tiplies the lowest four bits of B with the lowest two bits 
of A, the second 9344 multiplies the lowest four bits of 
B with the next two bits of A, etc. 


The table shows the binary weight (power of two) asso- 
ciated with each input and output of the eight devices in 
an 8 by 8-bit multiplier. It indicates that many S outputs 
have the same weight and must, therefore, be added to- 
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gether. Since the 9344 has six additive inputs, these 
can be used to reduce the outputs to one set of So-15 
outputs, representing the 16-bit result. 


Speed: The 9344 uses internal carry lookahead, but 
propagation between devices is by rippling. The delay 
from M to the outputs S is typically 40 ns; the delay 
from inputs K to the outputs S is typically 25 ns. With 
proper interconnection only the K-to-output delays form 
a Critical path. This 8 by 8-bit multiplier has a delay 
of 6 x 25 ns = 150 ns (typ). ; | 
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16-BIT BY 16-BIT MULTIPLICATION ARRAY 
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In this 16 by 16-bit multiplier, the critical path involves 
14 K-to-S output delays or 350 ns (typical). Each block 


bits multiplied in that block. The first number is the 
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4-bit B input, and the second number is the 2-bit A 
input. For instance, 12-O refers multiplicand bits 
By 9:13:1415 and multiplier bits Ao 1- 
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The 16 by 16-bit multiplier just described can be made 
even faster by rearranging the structure and performing 


some of the additions in external fast adders (9340s). 
This decreases the delay to 250 ns (typ). 
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93S43 4-BIT BY 2-BIT TWOs COMPLEMENT MULTIPLIER DESCRIPTION AND OPERATION 
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The 93843 is a super high speed digital multiplier 
building block which multiplies binary numbers repre- 
sented in twos complement notation and generates a 
twos complement product directly, without corrections. 
The 93843 isa 4x 2-bit multiplier that can be connect- 
ed to form iterative arrays multiplying binary numbers 
of any length, either directly or in a time sequenced 
arrangement. The device assumes that the most signif - 
icant bit of the multiplier and the multiplicand has a 
negative weight. It can be used in arrays where the two 
factors have different word lengths. This multiplier uses 
the quaternary algorithm and performs the function S = 
(X times Y) plus K, where K is the input field used to add 
the partial products generated in the array. At the out- 
side of the array the K inputs can be used to adda signed 
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“a plug-in replacement, 


constant to the least significant part of the product. 


The 93S43 operates with either active High or active 
Low inputs and outputs, provided the polarity control is 
properly terminated — grounded for active High oper- 
ands (positive logic), terminated High for active Low 
operands (negative logic). The 93843 is functionally 
and lead equivalent to the Am2505 and can be used as 
but since the 93S43 uses 
Schottky technology, it is significantly faster. Through 
delay is improved by 40% (reduced to 60% of the values 
given for the Am2505) which allows either a 66% in- 
crease in system clock rate, or a simpler interconnec- 
tion scheme at the same clock rate. 


MULTIPLIERS/DIVIDERS 


8 BY 4-BIT BINARY MULTIPLIER 


MULTIPLICAND CONSTANT 


Xo X1 X2 X3 X4 X5 XG X7 Ko Ky K2 K3 Ka K5 Kg K7 


iia 3 


-1 XQ Xi X2 X3 Xq_ Ko Ky Ko K3 X_1 XQ Xq X2 X3 Xq Ko Ky Ko Kg 
Y-1 


MUL Y 
a eS i 
Yo Yo 93S43 Yo 93843 
: hee ee ae eee ae ie i ie 
cz TWOs COMPLEMENT Diag. gel TWOs COMPLEMENT 
Y2 “Ki Ch MULTIPLIER Ch+4 Ch MULTIPLIER Cnt4 
OF P 


So Si 


S2 $3 Sq S5 
c= 

= et ee 

| oe ie ae 

a oe ee ei 

a pt 

ee) 

=a 

gl a 


Sq S; S2 S3 Sq S5 


X.1 XQ X1 X2 X3 Xq_ Ko Ky Ko Kg 
1 


ae lh : 
Mile ele |e —— . 
Y4 
alsa cal TWOs COMPLEMENT [ TWOs COMPLEMENT 
Rope ae ad MULTIPLIER Cy+4 Ch MULTIPLIER Cn+4 
OW P 
L S S3 S4 Ss So S1 S2 $3 S4 S5 
i a 
|i 
So $1 S2 S3 S485 S6 S7 Sg Sg S19 $14 


Typical Multiplication Times 


Number of 
Array Size 93S43s Used Through Delay 


Multiplication time can be reduced by using addi- 
tional carry lookahead adders (93S40). 


The 93S43 can be used as a building block to form large (negative logic) by holding the polarity control input P 
binary multiplier arrays. The number of 93S43 devices High. 


required is given b a” 
Sa ee ve Dy The X-1 and Y-1 inputs at the least significant level must 


M x N be held at the zero level. The S4 and S5 Outputs are 
8 ignored except at the most significant edge of the array. 
where M and N are the word lengths of the multiplier The K inputs allow the accumulation of partial results 
and the multiplicand respectively. As shown above, as information passes through the array. On the first 
four 93S43s can be connected to form a 4 x 8 array, level the K inputs are not required for this purpose and 
multiplying an 8-bit binary multiplicand X (twos comp- can therefore be used to add a number to the least sig- 
lement notation) with a 4-bit binary multiplier Y (also nificant part of the product. This feature is very useful, 
in twos complement notation), generating a product in since many arithmetic operations consist of a series of 
twos complement notation. multiplications and additions. For multiplication of 
larger words the array can be extended in both the X 

The scheme is shown for active High operands (positive and the Y dimensions. ; 


logic), but can easily be changed to active Low operands 
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COMPARATOR SYSTEMS 


Comparator systems fall into two classes. 


@ Identity comparators, that detect whether or not two 
words are identical. 


@ Magnitude comparators, that also detect which of the two 
words is larger. Magnitude comparators are more com- 
plex and tend to be slower. 


All comparators are defined in binary terms, but they can ob- 
viously be used with BCD or any other monotonic code with- 
out change. : 


IDENTITY COMPARATORS 


BIT-SERIAL OPERATION 


INITIATE 


One Exclusive OR and one flip-flop form a serial identity 
comparator. The flip-flop must start out reset. As long 
as the A and B inputs are identical the output of the 
Exclusive OR is Low, leaving the flip-flop in its state. 
When A +B the flip-flop is set and stays set until a new 
cycle is initiated by asynchronously clearing the flip- 
flop. The state of O after the last bit has been clocked 
indicates the result of the comparison: 


Q: A+B Q: A=B 
Obviously the bit sequence does not affect the identity 
comparison. 
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PARALLEL OPERATION 


oOo 9° 


Lt tb db Ly 


ap > 


—_ ah 


A#B 


PF 92 


Parallel identity comparison is most efficiently perform- 
ed with Quad Exclusive OR gates with outputs NORed 
or NANDed. The NAND configuration is faster, but re- 
quires opposite polarities of the two operands. 


COMPARATOR SYSTEMS 


loa 1a !2a 13a! lob '1b !2b I3b 
So 
9309 
DUAL 4-INPUT MULTIPLEXER 
b 


loa ta !2a 13a | lob '1b !2b !3b 
So | 


DUAL 4-INPUT MULTIPLEXER 


Magnitude comparison discriminates between three 
possible conditions. A > B, A < B, and A =B, usually 
encoded on two output signals. 


A serial magnitude comparator for LSB first (a) is most 
efficiently implemented by either a dual 4-input multi- 
plexer (9309) and a dual flip-flop (9024), or by an 
Exclusive OR gate and a dual flip-flop with Enable 
(9022). (Note that the 9022 master/slave flip-flop re- 
quires stable inputs during the entire clock Low period.) 


BIT SERIAL MAGNITUDE COMPARISON LEAST SIGNIFICANT BIT FIRST 
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Q5: A<B 


Q>: AB 


Assuming active High notation, 


Q, is set by A* B, reset by A* B, unaffected by A*B 
orA*B(A=B) 


Q> is set by A +B, unaffected by A = B. 


Thus, if both flip-flops start out reset, their state after 
clocking in the most significant bit indicates the result 
of the comparison. A slight rearrangement of the same 
basic circuit (6), generates a different set of outputs. 


COMPARATOR SYSTEMS 


MOST SIGNIFICANT BIT FIRST MAGNITUDE COMPARISON 


lob 1b !2b I3b 


DUAL 4-INPUT MULTIPLEXER 
S1 
2b 


loa 1a !2a!3a loa '1a!2a!3a! lob l1b !2b 13b 
So So | 


DUAL 4-INPUT MULTIPLEXER 
| 


2b 


Magnitude comparison is also possible when the serial It sets Q5 if A +B, but does not reset it until anew com- 
words come in “backward”, with their most significant parison is initiated by clearing both flip-flops. 

bits first/a). In this case the first bit where A differs 
from B determines the result. This circuit sets Q] when 
A*BeQb, i.e., if A>B and all previous bits have been 
A =B, leaving Q1 unaffected under all other conditions. 


A slight rearrangement of basically the same circuit (b) 
generates a different set of outputs: 


Q): A>B, Qo: A<B. 
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COMPARATOR SYSTEMS 


High speed parallel systems require a direct magnitude com- 
parison over many bits in parallel. In a computer this function 
is usually performed by the arithmetic logic unit. Subtract- 
ing B from A yields a negative result if A<B, a positive result 


_ 9324/93L24 5-BIT COMPARATOR 


if A>B and zero if A =B. If an isolated parallel comparison 
is needed, it is performed most economically by the 9324 
5-bit magnitude comparator. 


A, A; A, A, Ay E 
SO DD tsDC’ 
; v Vv Vv Vv, 
ab: ° +) ° ° 9 = aD- ACB Ao Ai A2 A3 Aa Bo B1 B2 B3 B4 
v eee = a aa : 5-BIT COMPARATOR 
ye LS 
A=B 
\ 
>» TL ; (aL a] HD+ 
A A A A 
B, B, By B, By 
LOADING 
LEADS 9324 93L24 
E Enable (Active Low) Input 5 
Ag. A1A2A3A4 Word A Parallel Inputs 5 
Bo.B1,B7,B3,B4 Word B Parallel Inputs 5 
A<B A Less than B Output 2.25 
A>B A Greater than B Output 2.25 
A=B A Equal to B Output 2.50 


xX XX 
Word A = Word B 
Word A >Word B 
Word A<Word B 


mcm rt imi 


The 9324 is a 5-bit (or expandable 4-bit) magnitude 
comparator. It accepts two 5-bit numbers, Ag _ 4 and 
Bo — 4 and generates three mutually exclusive, active 
High outputs: A greater than B, A less than B, andA 
equal to B. When the active Low Enable input is High, 
all outputs are forced Low. The delay from the operand 
inputs to the A<B and A>B outputs is a maximum of 
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ve a 


five gate delays, approximately 40 ns. The A=B output 
is derived from the other two outputs and is therefore 
delayed by another gate. The 9324 might be ripple ex- 
panded as an expandable 4-bit comparator, but since it 
is a true 5-bit comparator, it can be expanded in parallel, 
resulting in much faster operation at no extra cost. 
Parallel comparator arrays are shown for up to 65 bits. 


COMPARATOR SYSTEMS 


PARALLEL COMPARATOR ARRAYS 


10 TO 13 BITS 6T0 9 BITS 


Ag As Ag A7 Ag Bg Bs Bg B7 B 
A3 A7 83 B7 Ag Ay2 Bg B12 4 A5 Ag A7 Ag Bg Bs Be B7 Bg 


Ao A1 A2 A3 Aq Bo 81 B2 B3 B4 Ag Ai A2 Ag Aq Bo B1 82 B3 B4 Ao Ai A2 A3 Aq Bo Bi Bo B3 By 


9324 
5-BIT COMPARATOR 


A>B A<B A=B 


9324 
5-BIT COMPARATOR 


A>B A<B A=B8 


9324 
5-BIT COMPARATOR 


A>B A<B- A=B 


Ao A1 A2 A3 fA4 Bo By B2 83 


Ag Ai A2 Ag Ag Bo By Bo B3 Bg Ao A1 A2 A3 A4 Bo 81 82 B3 B4 


ENABLE E 9324 


ENABLE 9324 
ENABLE E 
5-BIT COMPARATOR 5-BIT COMPARATOR 
A>B A<B_ A=B A>B A<B_ A=B 
A>B A<B A=B A>B A<B A=B 
14 TO 17 BITS 
A2 Ag 82 Be A7 A11 87 Bry Ai2 A16 B12 B16 


Ao Ai A2 A3 Aa Bo By B2 B3 Bg Ao Ai Az A3 Aq 89 Bi B2 B3 B4 Ao A1 A2 A3 Aa Bo 8; B2 B3 B4 


9324 E 9324 9324 
5-BIT COMPARATOR 5-BIT COMPARATOR 5-BIT COMPARATOR 


A>B A<B A=B A>B A<B_ A=B A>B A<B- A=B 


Ao Ai Bo By 


Ag Ai A2 Az Aq Bo 81 B2 B3 B4 


ENABLE E 9324 
5-BIT COMPARATOR 


A>B A<B  A=B 


A>B A<B A=B 


22 TO 25 BITS 
Ao Aa 80 Ba AS Ag 85 Bg A10 A14 Bio B14 A15 Arg 815 Big A20 A24 B20 B24 
Ao Ai A2 Az Aa Bo Bi B2 83 By Ao A1 A2 A3 Aa Bo By B2 B3 B4 Ag Ai A2 Az A4 Bo Bi B2 B3 Ba Ag Ai Az A3 Aq Bo By B2 83 Bg Ag Ai A2 A3 Ag Bo 81 B2 83 B4 


E 9324 9324 9324 9324 9324 
5-BIT COMPARATOR 5 BIT COMPARATOR 5-BIT COMPARATOR 5-BIT COMPARATOR 5-BIT COMPARATOR 


A>B A<B_ A:B AYB A<B AB = A>B A<B_~ A-B : A>B A<B- A=B 


Ag Ai A2 A3 A4 Bo By B2 B3 Ba 


ENABLE E 9324 


5-BIT COMPARATOR 


A>B A<B A=B 


A>B A<B_ A=B 
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COMPARATOR SYSTEMS 


65-BIT PARALLEL COMPARATOR ARRAY 


A,Bo - 4 A,B5 -9 A.Bi0-14 


9324 9324 9324 9324 9324 
= FA>B A<B A>B A<B A>B A<B A>B A<B A>B A<B 


Ao 41 A2 Az A4 Bo Bi B2 B3 Ba 


9324 
5-BIT COMPARATOR 


~ A>B A<B_ A=B 


9324 
A>B A<B 


9324 9324 9324 9324 
A>B A<B A>B A<B A>B A<B A>B A<B 


cll 


Ao Ay A2 A3 Aa Bo 8; B2 B3 B4 
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9324 


5-BIT COMPARATOR 


A>B A<B 


ENABLE 


A=B 


if 


A.Bé60 - 64 
9324 9324 9324 
= fA>B A<B A>B sA<B A>B A<B 


ll 


Ao Ai A2 Az Aq 80 By B2 B3 Bg 


E 


9324 
5-BIT COMPARATOR 


A>B A<B - A=B 


A>B A<B A=8B 


ERROR DETECTION/CORRECTION 


Whenever digital data is transferred from one location to an- 
other, there is a probability for error due either to device fail- 
ure or noise. There are numerous ways to handle errors at the 
system level. Some systems detect errors and request retrans- 
mission of data. In other systems, retransmission may be im- 
possible or prohibitively expensive. In such systems, the 


receiving equipment must not only be able to detect, but also - 


correct the error. 


Both error detection and error correction rely on the trans- 
mission of redundant information. This requires additional 
bits of data and lowers the overall efficiency of transmission. 
In parallel systems additional wires, transmitters, and receiv- 
ers are required, whereas serial transmission systems use 
additional time to transmit the redundant information. All 
these methods cannot completely eliminate errors, but as the 
percentage of redundant data bits increases, the probability 
of undetected or uncorrected errors decreases. 


The simplest and most common method of dealing with errors 
is the addition of a single extra bit, called a parity bit. The 
parity bit is chosen such that the total number of ones in the 
word (counting the parity bit) is odd (in an odd parity system) 
or even (in an even parity system). Odd parity is generally 
preferred, since it insures at least one ‘’1"’ in any word. At 
the receiving end, the parity of the word is examined. If any 
single bit in the word was changed, the detector indicates 
wrong parity. However, if an even number of errors occurs, 
this simple method cannot detect it. The parity bit provides 
only single error detecting. 


PARITY GENERATION 


BIT SERIAL PARITY GENERATOR BIT SERIAL PARITY CHECKER 


SERIAL 
DATA 


TRANSMISSION SERIAL 
e DATA 


PARITY BIT TIME 


In a serial parity generator, a flip-flop is toggled for 
every 1” in the data word and the state of this flip-flop 
is inserted as a trailing parity bit. On the receiving side, 
the parity checker has an equivalent flip-flop. Its state 
is interrogated after the data has been received. Both 
circuits are easily adapted for odd or even parity sys- 
tems. 


For parallel systems it is necessary to generate the 
modulo 2 sum of many inputs simultaneously. This re- 
quires an array of cascaded Exclusive OR circuits. The 
9348 12-bit parity checker/generator is specifically de- 
signed for this function. 


ERROR CORRECTION' — HAMMING CODES 


A parity bit can only detect single errors. It cannot reliably 
detect multiple errors and it cannot correct single errors either. 
A single redundant bit does not carry enough information to 
do so. It is possible, however, to add more redundant informa- 
tion to the data, formulated such that errors are not only de- 
tected, but also corrected. 


A data word containing an error-correcting field of redundant 
information is called a Hamming code. It uses a series of par- 
ity bits generated and arranged such that a unique set of par- 
ity errors results from an error in any given bit position. For 
example: Three redundancy bits can have a total of eight dif- 
ferent states. Since one of these states must indicate ‘‘no 
error’, the other seven states can be used to locate an error in 
any one of seven transmitted bits. Three of the transmitted 
bits are the redundancy bits themselves, leaving four data bits 
in which an error can be uniquely detected, and also corrected. 
The coding of the parity bits is done conveniently so the pat- 
tern of parity errors is the binary address of the bit in error. In 
general, a Hamming code contains 2™ -1 bits, m of which are 
the Hamming or check bits, 2™ -m -1 are the data bits. 


Total Bits Hamming Bits Data Bits 
7 oe 4 
15 4 11 
31 5 26 


Thus three additional parity (Hamming) bits can provide single 
error correction for 4-bit data words. The seven bits are ar- 
ranged in the following way: 


Po Py Do Po Dy D2 Dg 

where Do,D1,D9,D3 are the four data bits 
Po is odd parity over bits Dp,D1,D3 
P4 is odd parity over bits Dp,D9,D3 
P»5 is odd parity over bits D,,D5,D3 


At the receiving end the three parity bits are again generated 
from the data bits using an identical scheme. Then these three 
parity bits are compared with the three transmitted parity bits. 
If they all match, there was no single error. If they differ, the 
pattern of mismatches is interpreted as a binary address of 
the bit in error. 


A practical system would avoid the additional comparison and 
generates the error address (Eg _ 9) by including the received 
parity bits in the parity check: 

Eg is the odd parity over bits Pp Dg D1 D3 


E, is the odd parity over bits Py Dp Dg D3 
E> is the odd parity over bits Pp D; Do D3 


This Hamming code can detect and correct single errors, but 
it will fail on double errors. It would correct the wrong bit. 
If, however, one more overall parity bit is added, it is also 
possible to detect (but not correct) double errors. When the re- 
ceiver finds the overall parity check correct and the error ad- 
dress is zero, there was no error. If the overall parity check is 
wrong and the error address is not zero, there was a single 
error which can be corrected. If, however, the overall parity 
check is correct, but the error address is not zero, then there 
was a non-correctable double error. 


‘For a detailed description of the theory behind and the applications of error correcting codes, see Peterson and Weldon, ERROR CORRECTING CODES, 


Second Edition, The MIT Press, Cambridge, Ma., 1972 
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ERROR CORRECTING — HAMMING CODES 
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CHECKER GENERATOR 
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12 INPUT PARITY 
CHECKER GENERATOR 


Po Pe 


NO ERROR 


Po 


Hy; OR H9 
IN ERROR 


DECODER 


ADDRESS 


This figure illustrates the Hamming circuit for a 20-bit ceiving end, incorporating the received parity bits in 
data word. Five 9348s are used, and each bit of the the parity generation. This generates the 5-bit address 
data word is sent to several parity generators. As a re- for the bit in error. Address OOQOO indicates ‘’no error’”’. 
sult, information about the state of a given bit is contain- This address can be fed to a 1-of-32 decoder, the out- 
ed in several bits of the 25-bit data plus parity Hamming puts of which are used to invert the erroneous bit. 


code. The Hamming generator is duplicated at the re- 
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9348 12-INPUT PARITY CHECKER/GENERATOR 


LEADS LOADING 


lo ty '12 13 14 I5 te '7 Ig Ig I40 114 


Ig tol, | Parity Inputs 2 UL ann airy 

PO Odd Parity Output 10 UL CHECKER GENERATOR 

PE Even Parity Output 10 UL on 
INPUTS | OUTPUTS 


All Twelve Inputs Low bE H 
Any One Input High H L 
Any Two Inputs High L H 
Any Three Inputs High H L 
Any Four Inputs High L H 
Any Five Inputs High H L 
Any Six Inputs High L H 
Any Seven Inputs High H L 
Any Eight Inputs High L H 
Any Nine Inputs High H L 
Any Ten Inputs High L H 
Any Eleven Inputs High H L 
Any Twelve Inputs High © i H 


lo! 12.13.14. 15.1617.1glgl4 oly 1 


The 9348 is a 12-input parity checker/generator that 
produces both odd and even parity outputs. It is gener- 
ally used for error detection applications, including the 
generating and checking of parity codes and error cor- 


9348 OPERATION 


The 9348 accepts 12 data inputs and provides both odd 
and even parity outputs. The Even Parity output (PF) 
is High if an even number of inputs is active (High or 
Low) while the Odd Parity output (PQ) is High if an odd 
number of the 12 inputs is active (High or Low). The 
Even Parity output (PE) is generated from the Odd Par- 
ity output (PQ) through an inverter. The two outputs are 
therefore always complementary and Po is always the 


recting Hamming codes. The 9348 can be used for any 
number of inputs up to 12, particularly for the popular 
9-bit byte format, and it can also be easily cascaded for 
longer words. 


Po = 192142 12213214 & lg 1g 2 17 2182 1921492144 


Pe =190 911912213914 @l5 162 17 21g Ig® 149 144 


faster output. The logic diagram shows the internal log- 
ic design of the 9348, using a multilevel Exclusive NOR 
structure. The inverters are level restorers and cause a 
1-gate delay. The through delay from the first four 
inputs to the outputs is one Exclusive NOR delay short- 
er than the through delay from the other eight inputs. 
This feature can be used to balance system delays by 
applying later signals to these faster inputs lo -3- 
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OPTIMUM TERMINATION OF UNUSED INPUTS 


Number 
of 
Inputs 


ALLINPUTS USED 


The parity function of the 9348 shows a symmetry 
(inherent to the Exclusive NOR function) which allows 
additional flexibility. Pairs of unused inputs may be 
tied Low or High without changing the logic function 
performed on the other inputs. When some of the 12 
inputs are not used, the delay through the 9348 can be 
minimized by appropriate termination of the unused in- 


puts. The delay through an Exclusive NOR gate is mini- 
mized if the unused input is held High. Consequently, 
delays through the 9348 can be minimized by terminat- 
ing unused inputs in such a way that all unused inputs 
of the internal Exclusive NOR gates are held High. The 
table gives appropriate input terminations for different 
input word lengths. 


CODE CONVERSION 


Numbers can be represented in a large variety of codes. The 
binary code is the most natural, the simplest, and the one most 
commonly used in high speed computer systems. For con- 
venience this code is often grouped in 3-bit groups and called 
an “octal code’’, but since these are just different ways of 
interpreting the binary code, all its features are retained. 


Unfortunately, a different numbering system, based on the 
number 10, is in everyday use, and also, mixed numbering 
systems are used for some special applications (time, angles, 
etc.). This has created a need for binary-to-BCD (binary coded 
decimal) and BCD-to-binary converter circuits. 


The number of bits and digits involved, the time available, 
and the amount of general purpose (perhaps even micropro- 


BCD-TO-BINARY CONVERTER USING ADDERS 


Binary Bits 12 4 8 

be Be QO Or <1 

13 62 5 12 49 9 

12 48 62 4 8 6 2 4 8 6 2 
BCD Bits 
1 
2 
4 
8 
1 0 
2 0 
4 0 
8 0 
1 0 O 
2. 2 
4 0 0 
8 0 0 
1 0 0 0 
2 0 0 0 
4 0 0 0 
8 0 0 0 


2 
Co 
29 91 


grammed) logic available in the system are important factors 
in selecting one of the many different methods available for 
code conversion. 


Any arbitrary code can be converted into any other arbitrary 
code by using a Read Only Memory (ROM) as a lookup table. 
This method is very fast with Bipolar ROMs, but in most cases 
it is unnecessarily expensive, since most codes show some kind 
of regularity. Cheaper and fewer MSI circuits can take advant- 
age of this regularity and provide a more economical solution. 


Binary adders are used in high speed parallel BCD-to-binary 
conversion. Every bit in a BCD number can be expressed as 
a binary number, and their sum is the binary equivalent of the 
whole BCD number. 


BCD INPUTS ACTIVE HIGH OR ACTIVE LOW 


4 8 10 20 40 80 100 200 400 800 
COMBINING 
CIRCUIT 
X 
ie a as 
Dipsssess 
Ao Bo Ay B1 Az B2 A3 B3 Ag Bo Ai B1 Az B2 A3 B3t > 
9383/7483 9383/7483 
Co 4-BIT BINARY C4 4-BIT BINARY 
FULL ADDER FULL a 
Si S2 S$} 
hires 
A [4 Bo Ay By Ag Bo Ag B3 
9383/7483 9383/7483 


4-BIT BINARY 
FULL ADDER 


S1 S2 


C4 4-BIT BINARY 
FULL ADDER 


$1 S2 


C4 


S3 


24 26 


BINARY OUTPUTS ACTIVE HIGH OR ACTIVE LOW 


COMBINING CIRCUIT X 


ACTIVE HIGH 


ACTIVE LOW 


The parallel BCD-to-binary converter shown uses four 
9383 4-bit ripple carry adders to sum all the binary 
equivalents of the 12 bits in a 3-digit BCD number and 
generates a 10-bit binary number. 


As indicated in the table, there are four inputs to the bin- 
ary eight. This would normally require a considerably 
more complex adder structure, but since the BCD bits of 


weight four and eight are mutually exclusive, they can 
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be ORed outside of the adder array and the eight can be 
split up into two fours. The diagram shows several dif- 
ferent implementations for active High and active Low 
operands. Carry lookahead adders (9340) can be used 
for faster operation. This method is practical for three to 
four digits (four digits require 10 adders). Beyond this, 
the complexity of the adder structure is prohibitive. 
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The reverse of the BCD-to-binary algorithm is used for 
binary-to-BCD conversion. The binary word is shifted, 
most significant bit first, into a shift register consisting 
of several series-connected 9300s. Each shift doubles 
the contents of the registers in terms of BCD notation. 
Therefore, a correction is required whenever any of the 
4-bit registers contains a number greater than four, 
which when shifted generates a non-BCD code. This 
correction is performed by adding three to the contents 
of the register and inserting the sum one bit downstream 
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TO NEXT STAGE 
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into the parallel data inputs. By adding 11 and then ig- 
noring the most significant bit, the same 4-bit adder 
also detected whether or not the correction is necessary. 
A binary number is completely converted when its LSB 
has been shifted in, but the shift register must be long 
enough to hold the BCD result, always longer than the 
binary number. This circuit can be used for any number 
of bits and digits. It requires only one 9300 4-bit shift 
register, one 9383 4-bit adder, and one inverter for each 
resulting BCD digit. 
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A well-known algorithm generates the binary equiva- 
lent of a BCD number by repeatedly dividing it by two. 
The series of least significant bits generated is the bin- 
ary output, least significant first. This algorithm can be 
implemented with 9300 shift registers and some gates 
or adders. 


When a BCD number is stored in the 9300 shift register 
with its LSB in the Q3 stage, a right shift effectively 
divides it by two. A problem arises if the LSB of the 
more significant digit is a one, implying a value of 10 
with respect to the first digit. Shifting this one into the 
Qo position changes the 10 to an eight, instead of divid- 
ing it by two. To correct for this, a three must be sub- 
tracted from the new contents of the 9300 register. The 
circuit shown provides a gate-minimized implementation 
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of this algorithm using the parallel inputs of the 9300 for 
the correction. It converts a 4-digit (< 9999) BCD num- 
ber into its 14-bit binary equivalent. Operation is start- 
ed by bit-serially shifting in the three least significant 
BCD digits (LSB of the LSD first) while the Convert in- 
put is Low. The actual conversion starts when the three 
digits have been shifted in and the LSB of the most sig- 
nificant digit is being applied to the serial input. At this 
point, the Convert input is made High, activating the 
three correction networks whenever there is a one to be 
shifted into any of the registers. The next 14 clock pul- 
ses shift out the binary result, LSB first. This circuit can 
be used for any number of digits. It requires only one 
4-bit shift register with a conversion network for each 


decimal digit except the MSD. 
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Counters can be used for binary-to-BCD or for BCD-to- 
binary conversion, if sufficient time is available. The 
code to be converted is loaded into a counter, which ts 
then counted down while another counter is counted up. 
When the first counter reaches zero the second counter 
has reached the original numeric value represented in 
the desired code. This method is easily expanded and 
can also be used for mixed modulo codes (like 6/10 
for minutes and seconds, 36/10 for degrees of angle). 
It is also very easy to perform accumulation. 


The circuit above is a BCD-to-binary converter capable 
of taking a 5-digit BCD number and converting it into 
a 17-bit binary number in less than 33 ms using a clock 
generator running at 6 MHz. The circuit, as shown, is 
completely self-contained including a clock generator 
and a debounce/edge detect circuit for use with a push 
button to initiate the conversion. Only 11 integrated 
Circuit packages are required. 


A 9020 dual flip-flop is used to debounce and detect a 
new closure on the start button and to generate a pulse 
one clock period wide which loads the BCD number into 
a decimal down counter and clears a binary up counter. 
The two 9020 flip-flops are normally in an idle state 
with the first flip-flop set (Q = High) and the second re- 
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FOR BINARY TO BCD CONVERTER REPLACE 9360s 
WITH 9366s AND 9393/7493s WITH 9390/7490s. 


set (Q = Low). Depressing the start button causes the 
first flip-flop to set, activating the asynchronous Load 
and Reset inputs on the respective counters and asyn- 
chronously setting a 9024 flip-flop used to drive the 
clock inputs on both counters. While a clear direct sig- 
nal initially exists to this flip-flop, it quickly disappears 
as the clock input to the down counter is forced High 
and the counter is loaded with a new number. 


The next clock pulse causes both 9020 flip-flops to set, 
removing the counter load and reset signals, generating 
a ‘busy’ signal, and enabling the 9024 flip-flop to tog- 
gle on subsequent clock pulses. The two counters count, 
one down and the other up, at half the clock generator 
frequency until the decimal down counter reaches zero. 


After the down counter has reached zero and the 9024 
flip-flop has again reset, the TCp output from the coun- 
ter goes Low holding the flip-flop in the reset state and 
thus locking the counters. TCp = Low also enables the 
second 9020 to reset if the start button has been re- 
leased. The push button must be released and depressed 
again to initiate a new conversion. 


The converter provides the correct binary output for any 
number within the range of the counter including zero. 
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This converter can perform a code conversion and dis- 
play the result continuously in binary coded decimal 
(BCD). The converter, as shown, operates in either of 
two modes, binary-to-BCD or binary angle-to-BCD. In 
the binary angle code, the most significant bit repre- 
sents 180° (half circle), the next 90° (quarter circle), 
the third 45° (eighth circle), etc. The converter accepts 
12 bits of this code and converts it to degrees and tenths 
of degrees (0.0° to 359.9°). The converter is a self- 
contained circuit requiring only 17 packages capable of 
running at a 5 MHz clock rate. The BCD output is dis- 
played in an economical manner by multiplexing the 
four digits. 


The circuit operates by automatically loading the com- 
plement of the input code into the binary counter at the 
beginning of the cycle while the decimal counter is 
cleared. The binary counter reaches terminal count 
after n clock pulses where n = binary input number. In 
the binary conversion mode, the decade counter also 
counts n times and thus reaches the BCD equivalent of 
the binary input. If the ability to convert angles to BCD 
is not needed, the two lower 9316s and two gates are 
not needed. 
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After the conversion, the BCD data is displayed by 
multiplexing the digits, most significant digit first. The 
four stage binary counter slowly shifts the digits through 
the decimal counter while enabling one display digit at 
a time by counting 4096 clock pulses per digit. After 
displaying the least significant digit, the cycle is 
repeated. 


In the binary angle-to-BCD mode, the decimal counter 
is incremented at a slower rate than the binary counter 
to adjust for the weights of the binary angle bits entered 
in the binary counter. The most significant bit in a 
binary-to-BCD conversion has a weight of 2”’ or 2048, 
but in this binary angle-to-BCD conversion it has a 
weight of 180° or 1800 tenths of a degree. The BCD 
counter is therefore incremented at 1800/2048 or 
225/256 the rate of the binary counter by inhibiting 
the decimal counter 31 times during every 256 clock 
pulses. This rate multiplier function is performed by 
two 9316s (modulo 256 counter) and two gates decod- 
ing every eighth state except TC of the counter for a 
total of 31 states. These evenly distributed inhibit pul- 
ses minimize the conversion error. 
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Binary codes are not particularly suited for electrical or 
electro-optical encoder systems (angular position shaft 
encoders, etc.) because a movement from one state to 
the next often results in more than one bit change, i.e., 
from seven to eight, the binary code changes from 0111 
to 1000. Such bit changes can never really be simul- 
taneous, so the encoder always generates erroneous 
transient codes when switching between certain posi- 
tions. This problem is avoided with a Gray code because 
only one bit changes between adjacent states. The Gray 
code is a non weighted code and awkward for other app- 
lications. It must be converted to binary or BCD before 
any arithmetic can be performed. 


Gn 


In Gray-to-binary seria/ conversion, a flip-flop that tog- 
gles for every one performs the conversion. The most 
significant bit, however, must come in first. Gray to- 
binary paralle/ conversion is performed by a series of 
Exclusive OR gates. 


In binary-to-Gray seria/ conversion, a flip-flop acts as 
a 1-bit delay element and an Exclusive OR gate is used 
between the present and the previous binary bit. Note 
that, in this case as well as in Gray-to-binary serial con- 
version, the most significant bit must come in first. 
Binary-to-Gray paralfe/ conversion is performed by a 
series of Exclusive OR gates. 
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Decimal systems use Excess 3 Gray Code because this 
code has the feature of changing only one bit at a time 
even on a nine-to-zero transition. Excess 3 Gray Code is 
detected or generated in the same manner as Gray codes, 
but adding a three to the binary value for binary-to- 
Excess 3 conversion and subtracting a three (i.e., adding 
binary 13) from the binary value for Excess 3-to-binary 
conversion. 
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The one complement of a binary number is easily gener- 
ated by inverting each bit. The equivalent in a decimal 
(BCD) system, nine complement, is not that easy. These 
three circuits convert a 1-digit BCD input into its nine 
complement. They use about one equivalent gate or 
MSI package per digit (decade). 
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CONTROLLED NINE COMPLEMENT CIRCUIT 
USING TWO GATE PACKAGES 


3/4 9002/7400 
9014 


This controlled nine complement circuit, using two gate 
packages, either generates the nine complement or 
transfers the BCD inputs through unchanged. 
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LATCH SELECTION GUIDE 


*R input used as D input when S is grounded 
**With SLE input grounded 


Required 
Enable Enable Enable to Q| Data to Q Power 
Data Inputs Pulse Width Delay, ns | Delay, ns | Dissipation 
Function Device Inputs (Level) ns (typ) (typ) 
4-Bit R-S Latch 9314 
93L14 


4-Bit D Latch 9314 
93L14 

Dual 2-Bit D 9375, 7475 

Latch 9377, 7477 


Dual 4-Bit D 9308 (74116) 2x 2 AND 
Latch (L) 
93L08 2x 2 AND 
(L) 


8-Bit Addressable 1 (L) 
Latch 3 Address 
Bits 


8-Bit Multiport 1 (L) 
Register** 9 Address 
Bits 
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LATCHES 


INTRODUCTION 


Latches are the simplest data storage devices. The basic 


latch circuit consists of two cross-coupled gates, usually 
NAND gates. 


A Low on the § input sets the latch (Q High, G Low), a Low on 
the R input resets it. When both inputs are High the latch 
Stays in its previous state. 


Using two more gates, the latch can be strobed or enabled. 
When the Enable input is High, the S or R input affects the 
latch, when E is Low the latch is not affected by the inputs. 


By generating R=S (using an additional inverter) the latch is 
changed to a D type. The Q output follows the D input as long 
as E is High, but the latch stays locked when E goes Low. 
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Latches are transparent, i.e., when enabled the output can 
change as the inputs change. Latches should not, therefore, 
be used in applications where the latch output feeds back 
into the input, since this could create a race condition (oscilla- 
tion). Registers should be used in such cases. 


Memories are latch arrays with addressing structures common 
for input and output and are covered in the memory section. 


Five different latch circuits are presently available in the 
Fairchild family of TTL MSI circuits. The selection guide sum- 
marizes their capabilities and features. 


Latches can be grouped in three catagories: 


@ 4-bit and dual 4-bit D-latches with parallel access to all 
inputs and outputs. (9308, 9314, 9375, 9377) 


@ 4-bit RS latches (9314) 
@ 8-bit addressable latch arrays (9334) 


LATCHES 


9375/5475, 7475 And 9377/5477, 7477 4-Bit 
Latches 


Do Di D2 D3 


9375/5475, 7475 


E2.3 
Qo Ag Q1 Q1 AZ AZ QZ QZ 


Do D1 D2 D3 


9377/5477, 7477 
E2-3 
Qo Q; Q2 Q3 


The 9375 and 9377 are 4-bit D-type storage latches sepa- 
rated into two 2-bit sections, each with an active High Enable. 
Data enters the latches when the Enable is High and is stored 
when the Enable is Low. The 9375 has dual polarity outputs; 
the 9377 14-lead version does not have the complement 
outputs. 


Both devices are useful for data storage in groups of two bits 
rather than the usual four. The 9375 is useful when comple- 
mentary outputs are required. However, their high Enable 
drive requirements, active High Enable polarity, lack of re- 
set (clear), and non-standard power lead locations must be 
considered. 


9308 And 9314 Dual 4-Bit Latches 
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The 9308 and 9314 are dual 4-bit parallel D type storage 
latches which both offer asynchronous overriding Reset 
(clear), active Low Enable compatible with other MSI decod- 
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er elements, on-chip buffering to reduce input loading and 
standard power lead locations. Both the 9308 and 9314 in- 
clude circuitry to eliminate glitches or logic transients when 
the Enable is removed. 


The 9308 is a 24-lead device with two separate 4-bit latch 
sections, each with an overriding Master Reset and a 2-input 
active Low AND Enable. The AND Enable increases flexibility 
for controlling data entry. One input can be tied to the clock 
disabling the latch during logic transitions, the other can be 
used for latch selection, or both Enables can be used for 
expansion. 


The 9314 is a 4-bit latch with active Low Enable and Reset. 
Each of the four latches can operate as gated active Low Set/ 
Reset latches, (with reset override) or as D-type storage 
latches (S input to ground). Thus, the 9314 can reduce inven- 
tories because it is equally appropriate in both RS and D latch 
applications. In D applications it may be preferred over the 
9308 due to the smaller space required by two 16-lead pack- 
ages (compared to the 24-lead 9308 package). The 9314 is 
the only 4-bit gated RS latch currently available. It offers 
an Enable for controlling the RS latch and has no undefined 
states or unallowed input conditions (typical with RS latches 
built with cross-coupled gates). 


In general, the 9308 and 9314 are the best suited devices 
in the 4-bit and dual 4-bit latch category for parallel data 
storage. They are compatible with other MSI, incorporate 
more features and in most cases, require less additional logic. 


9334 8-Bit Addressable Latch 
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The 9334 latch offers high density storage. The outputs 
from eight latches are available and a common active Low 
Enable and Clear are provided in a 16-lead package. In 
addition to storing information, the 9334 also can serve as 
a 1-of-8 decoder or demultiplexer. It has a single D-type 
data input; three Address inputs select and a fourth input 
enables writing into only one of the eight latches. It is valu- 
able for random or sequential bit by bit data storage appli- 
cations where all stored bits must be continuously available. 
The 9334 also is efficient for storing parallel data in arrays 
of eight or more words. 


9308 DUAL 4-BIT LATCH 


DESCRIPTION AND OPERATION 


LEADS LOADING 
Do, Dy, Dz, Dg | Parallel Latch Inputs 1.5 UL 
Eo, Ey AND Enable Inputs 1UL 
MR Master Reset Input 1 UL 
Qo, Q1, Ag, Q3 Parallel Latch Outputs 9 UL 


NOTE: ONLY ONE 4-BIT LATCH SHOWN. 


The 9308 dual 4-bit latch is monolithic MSI circuit de- 
signed for general purpose storage applications in high 
speed digital systems. It is a high speed, versatile and 
economical storage building block particularly suitable 
for use with the 9301 1-of-10 decoder, the 9311 1-of- 
16 decoder and the 9309 and 9312 multiplexers to 
form high speed storage systems. 


The logic diagram for one block of four latches is 
shown. Data is entered in parallel into the four latches 
when the Enable inputs are both at the Low logic level. 
The information appears at the outputs within 20 ns of 


CHARACTERISTICS 


TYPICAL DELAYS E to Output 20 ns 


D to Output 15 ns 


PACKAGE 24-Lead DIP or Flatpak 
TYPICAL POWER 340 mW 
DISSIPATION 


E 


Do Dy D2 D3 


E Do D; D2 D3 


9308 4-BIT LATCH 1 


9308 4-BIT LATCH 2 


MR 


Qo Q1 Q2 Q3 


Qo Q; Q2 Q3 


OPERATION 


Data Entry 


Data Entry 
Hold 
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Reset | 


receipt of the Enable pulse and is held in each latch by 
the feedback logic. Each latch incorporates an addition- 
al AND gate to prevent glitches or logic spikes when the 
Enable inputs are removed. A common Reset which 
overrides all other input conditions is provided for the 
four latches, holding their outputs Low while it is active. 
The Master Reset and Enable inputs are buffered, 
presenting one TTL input load. Typically, one active 
Low input Enable is used to select the latch block | 
and the other is used for the clock or strobe input. 
Latch operation is summarized by the truth table. 


9308 DUAL 4-BIT LATCH APPLICATIONS 


REGISTER SELECTION 
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On the left is a block of four latches used with a 3- 
input NAND gate feeding into one input on the active 
Low Enable and a strobe signal on the remaining 


active Low Enable. This logic allows data entry into 


the latch block for an AND condition A eB eC e Strobe 


REGISTER SELECTION 


DATA BUSSES 


Do D1 D2 D3 
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Qo Q;1 Q2 Q3 


on the right is the logic for several AND conditions (Ae B 
or Ce D) using an AND/OR/INVERT gate. These exam- 
ples indicate the logic power of the active Low inputs 
on the Enable gate. 
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9308 4-BIT LATCH 2 
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The 9308 was specifically designed to work with the 
other members of the 9300 MSI family, and the active 
Low Enable AND inputs prove useful for logic designs 
in conjunction with the 9321 1-of-4, the 9301 1-of-10 
and the 9311 1-of-16 decoders. This diagram shows 
a register selection scheme in which information is 
presented on parallel busses. The register receiving 
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data is selected by a 9301 decoder. The only condition 
necessary for correct entry is that register address in- 
puts to the decoder must be stable before the registers 
are strobed. Since only a single unit load is presented 
by a 9308 Enable input, one 9301 decoder can control 
up to 10 registers containing up to 40 bits each. 
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A circuit for display or special storage applications is 
shown. Two decoders select the register to receive 
information from a set of common bus lines. The ma- 
trix above has 64 registers in an 8 x 8 matrix. Out- 
puts 0-7 of each decoder are used in a coincident select 
scheme with one decoder’s outputs common in the X di- 
rection and the other decoder’s outputs common in the 
Y direction. Outputs Og and Og of the 9301 decoders 
are not used; therefore the most significant A3 input 
on the decoders can be employed as a strobe input. The 
Low level fan out of the decoder is 10 unit loads. As 
shown, each decoder output drives eight enable inputs. 
For systems with larger word length, buffers should be 
provided, (requiring two extra logic levels) or the more 
economical method of duplicating the decoding scheme 
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WORD 63 


should be used. The size of the matrix can be extended 
to 10 x 10 words by using the A3 inputs of the decoders, 
but to accept a strobe input, 2-input gates must be add- 
ed to both the A» and A3 inputs of one of the decoders. 
These gates force the code for 12 or a greater number 
on the inputs of the decoder when a strobe is not pres- 
ent, forcing all decoder outputs High. 


The 9311 1-of-16 decoder can also be used in a matrix 
format. However, since the fan out at the Low logic 
level is 10, a 256-word matrix must share the load 
between two 9311 decoders. Various other decoding 
methods to select a single register from a group of regis- 
ters can also be used with the 9301 and 9311 decoders. 
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REGISTER USING LATCHES AS M/S FLIP-FLOPS 
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DATA OUT 


The 9308 can be used as a bank of four master/slave 
flip-flops by providing two Clock or Enable signals, one 
for the latch block acting as a master and another for the 
slave. A single inverting gate can generate these two 


clock phases from a single clock input. This diagram 
shows the dual latch as a 4-bit shift register using this 
two phase clock system. This scheme can be extended 
providing one master latch and several slave latches. 
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siderable savings over a multiple flip-flop register ap- 
proach. The receiving slave is determined by the 9301 
decoder acting as a demultiplexer for the strobe or clock 


One 4-bit latch acting as the master drives six 4-bit 
latches acting as slaves. A decoder selects the slave to 
receive information from the master. This method is 
very economical in terms of hardware and offers con- signal. 
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9308 DUAL 4-BIT LATCH APPLICATIONS 


HOLDING REGISTER IN COUNTING AND DISPLAY 
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The dual 4-bit latch can be used as a holding register 
in counting operations. Two 9310 synchronous decade 
counters are illustrated in a typical counter design. At next sample time. 
a specified time, the information from the counters is 


latched into the holding register where it is held and 
displayed via the 9307 7-segment decoders until the 
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REGISTER 
TO BUS SELECT OUTPUT BUSSES 


In addition to selecting a particular register consist- building blocks for this purpose. Here, four 4-bit regis- 
ing of latches, it is often necessary to multiplex the ters are switched to the appropriate busses under control 


information from several latch registers onto a bus sys- of the Sg and Sj inputs of the multiplexer. 
tem. The 9309 and 9312 digital multiplexers are useful 
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DESCRIPTION AND OPERATION 


CHARACTERISTICS LEADS LOADING 


TYPICAL DELAYS E toQ 20ns E Enable Input 1 UL 
DtoQ15ns (Active Low) 
PACKAGE 16-Lead DIP or Flatpak Do, Dy, Dg, D3 | Parallel Data Inputs 1.5 UL 
TYPICAL POWER 175 mW So, $4, S2, $3 | Set (Active Low) Inputs 1 UL 
DISSIPATION MR Master Reset 1 UL 
(Active Low) Input 
Qo, 1, Az, Ag | Parallel Outputs 9 UL 
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9314 4 BIT LATCH 
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7 VY y y, vy, 
Qo Q4 Q2 Q3 
Fairchild’s 9314 is a monolithic MSI circuit designed four latches can operate as a gated active Low set/reset 
for general purpose storage applications in high speed latch with reset override, or as a D-type storage latch. 
digital systems. The 9314 is a 4-bit latch with a com- The four latches have a common active Low Enable and 
mon active Low Enable and Master Reset. Each of the active Low Master Reset. 


9314 4-BIT LATCH APPLICATIONS 


OPERATIONAL MODES 
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9314 4-BIT LATCH 


Each latch can be operated in one of two modes, (see 
Truth Table) and the operation and connection of the 
9314 in both modes is shown above. In the active Low 
RS mode, the latch is reset by a Low on the D (R) input 
and is set by a Lowon the S input, effective only while 
the common Enable is Low. If both S and D (R) inputs 
are Low, the D (R) input dominates and the latch is re- 
set. This avoids the undefined states normally found in | 
RS latches. Mode D operation is obtained when the S 
input of a latch is held Low. While the common Enable 
is active, (Low) the latch output follows the D input. 
Information present at the latch input is stored in the 
latch when Enable goes High. 


CONTACT BOUNCE ELIMINATOR 


e @ 
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The 9314 can be used as a contact bounce eliminator. 
When a mechanical switch is closed, the contacts 
usually bounce a number of times before settling. This 
could be misinterpreted by a high speed digital circuit. 
The latch eliminates this problem. When the switch is 
in the left-hand position, the latch is reset repeatedly as 
bouncing occurs; when it is in the right-hand position, 
it is set repeatedly. The Enable, shown tied to ground, 
can be used to strobe the switches to store the switch 
pattern at any particular time. 
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ONE OR ZERO CATCHING 
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ZERO CATCHING 


This is the 9314 used as a one or zero catcher. In this 
application, data inputs that arrive at different times or 
are of short duration set or reset each latch. Such in- 
puts normally come from asynchronous data sources. 
Once the input has gone Low (or High), the output stays 
in the corresponding state until reset. Again, the Enable 
can be used to frame data entry into the latch. 
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COUNT AND HOLD DISPLAY SYSTEM 
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TO THE DISPLAY 


A primary application of the 9314 is in count and hold 
display systems. The 9314 is used as a D type storage 
latch with the 9310 decade counter and the 9317 


7-segment decoder/driver. Counter data is strobed by 
the Enable line and held for display until the next strobe. 
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The 9314 Enable and Reset polarities are compatible 
with MSI decoder outputs allowing the decoders to be 
used in selection schemes. In this 16-latch array, the 
information on the parallel data busses is stored in the 
latches selected by a 9311 decoder. The word address 


inputs should be present before the decoder is strobed. 
Since the 9314 Enable requires only one unit load, 10 
9314s representing 40 bits of storage can be control- 
led from each decoder output. 


9334 8-BIT ADDRESSABLE LATCH 


DESCRIPTION AND OPERATION 


LEADS 


LOADING 


CHARACTERISTICS 


TYPICAL DELAY DtoQ17ns 
PACKAGE 16-Lead DIP or Flatpak 
TYPICAL POWER 250 mW 
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Ao, Ay, A2 Address Inputs 1UL 
D Data Input 1 UL 
EF Enable (Active Low) Input 1.5 UL 
CL Clear (Active Low) Input 1 UL 
Oto 7 Parallel Latch Outputs 6 UL 
D 
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The 9334 8-bit addressable latch is designed for storage 
applications in high speed digital systems. It provides 
high density storage of eight bits with parallel outputs 
ina 16-lead package. The 9334 can serve as an 8-bit 
addressable latch and 1-of-8 decoder or demultiplexer. 
It is also valuable for random or sequential bit-by-bit 
data storage applications where all stored bits must be 
continuously available. 
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Os Og 


Writing into a latch uses three Address inputs and the 
active Low Enable. Data enters through the single data 
input. With the Enable Low, data can enter an address- 
ed latch; with the Enable High, data entry is inhibited. 
Latch storage is controlled by the Clear input so when 
the clear input is Low, storage in all latches is inhibited; 
when High, the latches can store data. 
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The 9334 can be used as an addressable latch and a 1- 
of-8 demultiplexer or decoder with active High outputs. 
To perform these functions, the 9334 has four modes 
of operation, as shown in the tables above. 


When in the addressable latch mode, the addressed 
latch will follow the data input and all non-addressed 
latches remain in their previous state. In the memory 


OPERATING NOTES 


PRESENT 
STATE 


NEXT 
STATE 


RESTRICTIONS 


None 
None 


AoA 1AzQ Stable 


E Overlap C 


When operating the 9334 as an addressable latch, 
changing more than one bit of the address could impose 
a transient wrong address loading data into the wrong 
latch. Therefore, this should be done only while in the 
memory mode, i.e. while disabled. The operating mode 
is varied by changing the Enable and Clear inputs. 
Operating mode changes requiring simultaneous En- 
able and Clear transitions are accomplished as shown 


mode, all data is stored and all latches remain in their 
previous state unaffected by the Address or Data inputs. 
While in the demultiplexing mode, the addressed output 
follows the state of the D input with all other outputs 
Low. In the clear mode, all outputs are held Low and 
are unaffected by the inputs. 


COMMENTS 


Memory to Demultiplex 
Addressable Latch to Clear 
Clear to Addressable Latch 
Demultiplex to Memory 


in the transition table. Entry into either the clear or 
demultiplex modes is not critical, since storage is in- 
hibited in both cases. When entering the addressable 
latch mode from the clear mode, the Address should 
remain stable. When entering the memory mode from 
the demultiplex mode, the Enable should be deactivated 
slightly later than the Clear. 
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Addressable Clear or Reset 


All four modes of operation of the 9334 may be requir- 
ed in some applications. However, many applications 
require only two or three modes. For example, when 
using the 9334 as a decoder/demultiplexer or address- 
able latch, the Clear line is grounded or held High 
respectively. Other combinations are shown above. 


In most latch applications it is sufficient to bring the 
Clear line Low to reset the 9334 latches. However, an 
active Low overriding Master Reset can be incorporated 
on the addressable latch as shown to override all inputs 
and force all outputs to zero. When the Reset line is 
Low, the 9334 is forced into the clear mode. When the 
Reset is removed, the Enable places the latch in either 
the addressable latch or memory mode. 


A decoder/demultiplexer with storage is also shown. 


With the control line Low, the selected output follows 
the Data input. When the line goes High, the data on 
the selected output is stored and allows the address to 
change or be removed. The inverters insure that En- 
able slightly overlaps Clear. 


To implement an addressable reset, one latch location 
is reserved to reset the 9334 by connecting this latch 
output to the Clear input. When this location is address- 
ed and the 9334 enabled, a zero on the D Input resets 
all the latches. To resume normal operation, the latch 
is addressed and the D Input is changed from Low to 
High, removing the Low level on the latch output and 
Clear input. This places the 9334 in the addressable 
latch mode, where the Enable can be removed and 
other latches addressed. 
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The 9334 is easily expanded to form larger storage 
arrays. Additional 9344s with expanded addressing 
can form addressable latch arrays of 16, 24, 32 and 
64-bits or can be expanded in parallel to form memory 
arrays of arbitrary word lengths. 


A 16-bit and a 32-bit addressable latch are shown here. 
The mode selection polarities of the 9334 facilitate ex- 
pansion, and in both examples, the Enable is used to 
place the selected 9334 in the addressable latch mode 
and the remainder in the memory mode. The individual 
latch is selected by the three least significant Address 
inputs applied in common to all addressable latches. 
If 1-of-16 demultiplexing is also required, the Clear 
can be brought Low, the selected 9334 placed in the 
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24-31 


demultiplex mode and the others placed in the clear 
mode. When the Clear line is High, the Address should 
be stable before the Strobe is applied. An overriding 
Reset can be added to unconditionally place all 9334s 
in the clear mode and force all outputs low by gating 
the Reset with the X3 Address or Strobe. 


The mode selection of the 9334 allows the use of MSI 
decoders for expansion. In the 32-bit addressable 
latch, the 1-of-4 decoder activates the appropriate 
9334 according to the two most significant address 
bits, and data enters the individual latch addressed by 
the three least significant address bits. Larger arrays 
are formed by using the 9301 1-of-10 decoder or the 
9311 1-of-16 decoder and additional 9334s. 


CL Og 071 02 03 04 O5 Og 07 
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The 9334 can be used as a 1-bit by 8-word memory 
slice, and is efficient for storing parallel data when 
arranged to store eight words or multiples of eight 
words. The 9334 provides twice as much data storage 
per package as other latches. Addressing 9334s in pa- 
rallel obtains the desired word length and the use of 16- 
bit or 32-bit, etc., addressable latch arrays increases 
word storage capacity. The diagram for a 16-word by 
4-bit memory is shown. In this memory all bits are 
continuously available and can be utilized to drive dis- 
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plays or relays, for example, in industrial control. A 
word is presented on the data busses, and the address 
(X3X9X4 Xo) determines where it will be stored. 
Note that the word stored in address zero appears in 
the zero output of the left column of 9334s. A word 
length of eight bits would require eight additional 
9334s driven in parallel from the four Address lines 
(X9X4X2X3). The overriding Master Reset uncon- 
ditionally resets the memory. 
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A 64-word by 4-bit memory scheme using the 9301 
decoder is shown here. Data is entered while the Strobe 
is Low. The word stored in address zero appears at the 
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zero outputs on the top row of 9334s. The word stored 
in address one appears at the one outputs of the top 
row of 9334s, and so on. 


9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 


DEMULTIPLEXING AND DECODING 
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b) 1-OF-16 DECODER 
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c) 1-OF-16 DEMULTIPLEXER 
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The 9334 can be used as a 1-of-8 active High demulti- 


Oo 01 02 03 04 O5 06 07 


8 9 10 11 12 13 14 15 


plexer or decoder. In such applications the Clear is 
grounded, the Enable input can be considered as an 
active Low Enable input and the Data input as an ac- 
tive High Enable input, ANDed as shown in a above. 
The Enable must be Low and the Data input must be 
High for an output to be High. 


The 1 -of-16 decoder shown is possible without addition- 
al logic by utilizing the Data and Enable inputs for de- 
vice selection. A decoder Enable or Data input for 
demultiplexing is added by applying it to the Data 
inputs of both 9334s and applying A3 and its comple- 
ment to the Enable of the 9334s as illustrated. 


A larger decoding array, such as a 1-of-32 decoder, can 
be formed by using four 9334s and an inverter. A 
1-of-32 demultiplexer can be formed by using the ad- 
dressable configuration in c, with the Clear input Low. 
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DRIVING DISCRETE DEVICES 
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The 9334 can be used, for example, in industrial appli- 
cations where eight or more bits of information must 
be stored and used to set up testing patterns to control 
industrial processes. In many of these applications, 
discrete output devices such as transistors and triacs 
are required. The active High outputs of the 9334 have 
the correct polarity to drive these discrete devices direct- 
ly, SO minimum interface components are required. The 
9334 latch outputs have active pull ups and require 
current limiting in the High state when driving discrete 
devices. (The output high voltage must be maintained 
at >2.4 V for good noise immunity, since it is part of 
the latch feedback loop.) The pull up resistor to Vcc 
iS optional and is used to supply additional base drive. 
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8-BIT A/D CONVERTER 
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This circuit is an 8-bit successive approximation analog 
to digital converter. A complete conversion cycle occurs 
every 16 clock periods with the eight bits generated 
successively from most significant to least significant 
bit. During each even clock period the appropriate latch 
is forced to a one, and during the subsequent odd clock 
period this latch is conditionally reset. After a one is 
inserted into a latch the analog equivalent of the 9334 
contents is compared with the input voltage. If the 
9334 analog equivalent is greater, then the latch is re- 
set; thus, a digital representation is obtained by build- 
ing up an analog voltage that is compared with the 
analog input voltage. 


After 15 clock periods, the conversion is complete and 
during the next clock period, Terminal Count (TC) can 
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be used to strobe the parallel data from the converter. 
Serial output data is available and can be clocked from 
the converter by means of an output clock operating at 
one half the input clock frequency. 


Besides the counter and addressable latch, two flip-flops 
provide delay and isolation. Flip-flop B permits only 
one logic decision every two clock periods to prevent 
possible oscillation between the digital and analog cir- 
cuits and provides the serial output. The TC output is 
delayed one clock period by flip-flop A and used to 
clear the 9334 initializing the conversion cycle. The 
clock frequency, discussed in more detail later, is deter- 
mined primarily by the fact that the clock must be High 
longer than the settling time of the linear circuits. 
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PROGRAMMABLE A/D CONVERTER LOGIC 
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Another A/D converter capable of handling longer 
words and still requiring only six packages is shown in 
this diagram. The mode of operation is identical with 
the 8-bit converter but additional parts are required to 
handle the longer words. The converter logic can be 
easily programmed for 9, 10, 11, 12, 13, 14 or 15 bits 
by applying the appropriate code to the PoPyP 2P3 
inputs. As with the other converter, both serial and 
parallel output data is available. 


With this converter logic the two flip-flops in the 8-bit 
converter are replaced with a 9300 shift register and 
the addressable latch is expanded to 16 bits. The shift 
register performs the same functions as flip-flop A & B 
and serves as the least significant toggle stage of the 
counter. 
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To obtain maximum speed, the clock for these conver- 
ters should be asymmetrical with the clock High a ma- 
jority of the time to allow the linear circuits to settle. 
Also, since the analog circuitry tends to be slower than 
the digital logic, a relatively long period should be 
provided after setting a one to the latch (occuring during 
an even clock) while a shorter period is sufficient when 
conditionally resetting the latch, (occuring during an 
odd clock). A clock generator providing these unequal 
clock periods is shown in the next figure. The syn- 
chronization between the converter logic and the clock 
generator is provided by connecting the first toggle 
stage of the counter to this multivibrator thus alternate- 
ly producing short and long clock pulses coinciding 
with the state of the toggle stage. 
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9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 


SERIAL-TO-PARALLEL CONVERSIONS 


CP4 


9334 
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LSB 


This 16-bit serial-to-parallel converter uses a binary 
counter (9305) to supply the addressing for a 16-bit 
addressable latch. The addressable latch strobe is con- 
nected to the clock so that as a new address is selected, 
the latch is disabled. The most significant address bit 
is supplied from Qo and the three other address bits 
from Q1, Q9, Q3 respectively. When using the 9334 


O90 0; 02 03 04 O5 Og 07 


cP 
° 9305 VAR. MOD 9.5 
COUNTER 2 


MR Qo Qo Q; Q2 Q3 


6-22 


Ao Ai A2 


9334 
8-BIT ADDRESSABLE LATCH 


Oo 01 02 03 04 O5 Og 07 


in serial to parallel converters, the parallel data bits do 
not change after each clock period as in a shift register. 
This characteristic allows the parallel data to be ac- 
cepted by slower speed, lower cost and higher density 
devices such as MOS shift registers, as in the 4096-bit 
serial memory described next. 


9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 
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This serial memory is the equivalent of a long, high 
speed shift register. It combines the speed of TTL with 
the high density, low power and low cost of MOS. This 
memory can be used to simulate disk, drum or shift reg- 
ister memories in such applications as the refresh buffer 
in a CRT display, the buffer register in a printer or other 
computer peripheral, or in a recirculating random 
access memory. In this scheme, serial input data is 
converted to parallel, stored in MOS shift registers, and 
reconverted to a serial output. The system takes ad- 
vantage of the fact that parallel data on each 9334 out- 
put is present for nearly eight clock cycles and con- 
sequently can be accepted by slower (2 MHz) but higher 
density MOS shift registers. The incoming high speed 
serial data bits are routed sequentially to the latches, 
the first data bit to latch O, the second bit to latch 1, 
and so on. The MOS shift registers are driven by an 
8-phase clock generator, staggered to match the data 
appearing on the 9334 outputs. The first MOS shift 
register accepts data from latch O after the new data 
appears and is ready to accept the next bit of infor- 
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mation eight clock periods later. The clock to the next 
MOS register are delayed one clock period so that the 
register accepts data from latch 1. 


Three successive states of the eight of the 3-bit address 
counter (9305) are decoded into the two 9300 shift 
registers. This produces staggered signals of 37% duty 
cycles at each shift register output which are fed through 
clock drivers to the appropriate $1 and > shift re- 
gister Clock inputs. The chart underneath the 9300s 
shows the 9, and $5 connections for the registers. 
The order in which data from the MOS registers is re- 
serialized is shifted one bit and resynchronized by a 
flip-flop. This insures high speed performance and pre- 
serves the memory length. The memory capacity of 
4096 bits can be increased by cascading the MOS shift 
registers. For example, an additional 3329 can be 
connected in series with each existing 3329 to produce. 
an 8192-bit memory. For more parallel channels, the 
same counter and clock generator can be used to drive 
the additional 9334, 9312 and MOS registers required. 
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A digital method for masking noise and bounce on in- this manner and all outputs are updated as a result. 
puts to a digital system is shown. This circuit performs 


, A 10 kHz clock rate for thi lication. Each 
this ‘masking’function for 16 inputs. ssume a 10 kHz clock rate for this application. Eac 


input is sampled for 1.6 ms every 25.6 ms. Thus, to af- 


Each input is sequentially sampled for 16 clock periods. fect the output, a noise pulse must reverse the input for 
When an input is High for eight or more clock periods, at least 800 us and a contact bounce must last longer 
the output corresponding to that input is set High; other- than 25.6 ms. 


wise the output is set Low. All 16 inputs are sampled in 
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9375/5475, 7475; 9377/5477, 7477 4-BIT LATCHES 


DESCRIPTION AND OPERATION 


STANDARD LOGIC SYMBOLS 


Do D1 D2 D3 


9375/7475 


Do Dy D2 D3 


9377/7477 


Qo Q1 Q2 3 


Dy 


Do 


Eo.4 


Qo Q4 


LEADS 


LOADING 


Data Inputs 


Eo.1 Clock Input Latches O & 1 4 UL 
E5.3 Clock Input Latches 2 & 3 4 UL 
Qo, Q1, Qg, Q3 |) Latch Outputs 10 UL 
Oo, Q4, Qo, Q3 Complementary Latch 

Outputs 10 UL 


The 9375 and 9377 4-bit latches are suitable for tem- 
porary storage of digital information typically between 
processing units and input/output on indicator units. 
Both devices are compatible with all other members of 
the TTL/MSI family. 


The logic symbols, alternate logic symbols and logic 
diagram for the 9375 and 9377 are shown above. 


The 9375 and 9377 feature two separate 2-bit D latch 
sections each with an active High enable. The 9375 has 
complementary outputs; the 9377 does not. The al- 
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ALTERNATE LOGIC SYMBOLS 


E2.3 D2 D3 
Q2 Q2 Q3 Q3 
E D  Qy_ OPERATION 
H L L DATA ENTRY 
H H H DATA ENTRY 
L X Qjy.1 | HOLD 


ternate logic symbols present the active Low clock 
inputs as active High Enables, consistent with the no- 
menclature traditionally used for single-rank storage 
devices (latches) in the Fairchild TTL family. 


Information present at a data input is transferred to the 
output when the Enable (or Clock) is High. The output 
will follow the data input as long as the Enable remains 
High. When the Enable is Low, the information that 
was present at the data input at the time of the High-to- 
Low transition is retained until the Enable is permitted 
to go High again. 
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MEMORY SELECTION GUIDE 


Power Dissipa- 
tion/Bit, mW 
Typical Max 


Required Write 
Pulse Width 
Worst Case __ Typical 


Address Access 
Time, ns 
Max 


Input Loading 


Read/Write| 93403 
1 


Read Only | 93434 32x8 . 1 
93406 256 x 4 2 


BIPOLAR MEMORIES 


INTRODUCTION 


Bipolar memories fall into two very different categories: 
random access read/write memories (RAMs) and read only 
memories (ROMs). 


A RAM is an array of latches with a common addressing 
Structure for both reading and writing. A Write Enable 
input defines the mode of operation. In the write mode, the 
information at the Data input is written into the latch select- 
ed by the address. In the read mode, the contents of the 
selected latch is fed to the Data output. 


All semiconductor memories have non-destructive readout as 
opposed to the destructive readout of most magnetic core 
memories. Bipolar RAM operation is static, i.e., the informa- 
tion is stored in bistable transistor cells (latches) and requires 
no refreshing such as required in some popular MOS RAMs 
using capacitor storage. Data storage in all semiconductor 
read/write memories is volatile; data can only be stored as 
long as power is uninterrupted. 


In a read only memory (ROM), the data content is fixed, 
normally by a unique metallization of the chip. Addressing 
is similar to that of a RAM; the operation is static and the 
readout is obviously non-destructive. A ROM offers non- 
volatile storage; data is retained indefinitely even when 
power is shut off. 


Today, bipolar memories are an integral part of a large num- 
ber of digital equipment designs. In six years, density has 
increased by a factor of 64, with a corresponding decrease 
in power per bit without penalizing speed. Fairchild is cur- 
rently producing 1024 bit RAMs with 500 mW typical power 
and 60 ns typical access time. 


MEMORY ORGANIZATION 


Memory subsystems are generally identified by number of 
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words, number of bits and function. For example, a 1024 x 16 
RAM is a random access read/write memory containing 1024 
words of 16 bits each. Semiconductor memory device organ- 
izations follow the same rule. Since the advent of LSI allow- 
ing densities of hundreds of gates on a chip, most memory 
devices contain address decoders, output sensing, and various 
control and buffer/driver functions in addition to the array of 
storage cells. High density RAM devices tend to be organized 
n words by one bit to optimize lead usage. ROM devices tend 
toward n words. by four or eight bits to reduce cost of truth 
table changes. 


ADDRESSING TECHNIQUES 


Addressing (word selection) in a semiconductor memory sub- 
system consists of two parts. First, a given device or group of 
devices must be selected, second, a given location in a device 
or group of devices must be selected. Device selection may be 
accomplished by linear select using a binary-to-n decoder. 
feeding the chip select function on n chips, or by coincident’ 
select using two binary-to-Vn decoders and two chip selects on 
each device. When n is large, linear select requires excessive 
hardware. For example, if n = 64, linear select requires four 
1-of-16 decoders and a 1-of-4 decoder, or nine 1-of-8 decod- 
ers; whereas coincident selection can be accomplished with 
two 1-of-8 decoders with final decoding at the two input chip 
select gates included on the memory devices. Selection of a 
given location on a chip is accomplished by connecting the 
binary address lines directly to the chip. In summary, 64 
256 x 1 RAMs in a 16K x 1 bit array using coincident selec- 
tion requires 14 address lines, as follows: eight connected 
to 20 through 2/ inputs on all chips (using necessary drivers), 
three feeding a 1-of-8 decoder to the CS, inputs, and three 
feeding a 1-of-8 decoder connected to the CS> inputs. 


‘BIPOLAR MEMORIES 


MEMORY TYPES 


A number of choices must be made in selecting bipolar mem- 
ory devices for a specific application. First, should TTL or ECL 
be used? The ever increasing need for speed in new designs 
may impose a propagation requirement on the memory that 
cannot be met with current TTL technology. This may in turn 
influence the selection of the logic family used for implement- 
ing the ALU or other functions associated with the memory. 


Currently, the fastest 256-bit RAM available is the 95410 


ECL memory. 


Next, should RAM or ROM be used? For data storage the 
choice is obviously a RAM since fast write capability is a 
“must’’. For microprogramming the decision is not so clear- 
cut. Since most system designs continue to evolve and change 
through prototyping and preproduction, RAM may be the 
logical choice; its higher device cost is offset by eliminating 
the cost of replacing ROMs as changes are made to the firm- 
ware. In this situation, RAM also offers the advantage of 
eliminating system downtime during firmware modification, 
a very significant factor in development schedules. 


Numerous other decisions must be made, such as power con- 
sumption level, relationship of density and speed, and other 
parameters. The selection guide is provided for assistance in 
choosing Fairchild bipolar memories for various applications. 


GENERAL TIMING CONSIDERATIONS* 


A simple way of analyzing a semiconductor memory in terms 
of its delays is based on the assumption that it is an ideal de- 
vice with three types of input and one type of output. The de- 
vice may be a single storage cell, or an array of such cells. 
Being ideal, it has no intrinsic delays, but its external connec- 
tions have individual delays — Al on the Data input, AW on 
the Write Enable signal, AA on the Address input, and AO 
on the Data output. And if the device is.a large array, the 
external lines may be multiple, carrying whole bytes or words 
instead of single bits, for example. 


Ideal Memory System 


IDEAL 
MEMORY 


WRITE 
ENABLE #3 


DATA 
OUTPUT 


*Reprinted in part from Electronics, October 25, 1971; 
Copyright McGraw-Hill, Inc., 1971 
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Each input and output in the diagram is binary — that is, it 
has only two stable conditions, a more negative level and a 
more positive one. For a given device, each delay shown has 
two values, one for the propagation of a negative-to-positive 
transition through the delay element, and one for the propa- 
gation of a positive-to-negative transition. Moreover, com- 
binations of these input and output delays create the real de- 
vice delay times. Access time, for instance, is the sum of the 
delays on the Address input, AA, and on the Data output, 
AO (since the delay through an ideal device is zero). Since 
AA and AO each have maximum and minimum values, their 
sum also has a maximum and a minimum value. Likewise, 
data may appear on the Input lines, and at some later time a 
Write Enable signal appears, making the device data setup 
time Al - AW. 


In general, a memory system contains many devices for which 
the delays are different, but the maximum and minimum 
limits of each must be known. Moreover, when a system is 
intended for high volume production, the range for the de- 
vices to be used in all systems must be known to avoid the 
need to tune each system individually. A given pair of paths 
may turn out to have the maximum delay, and, for the system 
to operate reliably, this defines system minimum timing. Yet 
the designer must also remain aware of the fact that access 
time may be shorter than the maximum, and that the output 
of the memory device is unknown between (AA + AO)min 
and (AA + AO)max- 


At this point, relationships between the individual delays in 
the simple model must be considered. In the absolute sense, 
this would involve specifying the delay in every pair of paths 
— arather large number of parameters. More practically, 
the output delay is usually important only during a read opera- 
tion, so only a few measurements need be specified. But the 
input timing is completely under control of the system, and 
must be specified for every input path with respect to every 
other input path. Once he knows how these inputs behave tn 
relation to each other, the designer can guarantee a reliable 
system. 


All these delays are internal device parameters, not system 
parameters. But because of the widespread failure to dis- 
tinguish between the two kinds of measurements, Some manu- 
facturers list a guaranteed minimum access time and others a 
guaranteed maximum — the maximum for the device is the 
minimum for the system. For clarity, this section designates 
all device delays with a small t and all system delays with a 
Capital T. 


There are eight important memory device delays, all some 
combination of the four delays in the simple model. The eight 
device delays are access time, read recovery time, write time, 
data setup time, data release time, address timing, write re- 
covery time, and chip select delay. 


BIPOLAR MEMORIES 


Access time may be specified as tod+ and tpg— or simply as 
taccess: It is the length of time from the appearance of a valid 
address on the Address input to the appearance of valid data 
on the Data output — and also, if specified, the time from the 
disappearance of the address to the disappearance of the ac- 
tive level. Where both are specified, system access time can 
sometimes be improved by taking advantages of the differ- 
ence between them at the gate driven by the Data output line. 
Where only one is specified, it may be the larger of the two, 
but more often it is just tod the active output state being the 
more negative one. Since the output stage of a memory usu- 
ally has open collector circuits, access involves pulling the 
output line from its normal positive level to the negative level 
if the stored data demands it. 


Both maximum and minimum access times are important. 
The maximum access time specifies how long the system must 
wait for valid data after it supplies an address; the minimum 
time specifies how long the data remains good after the ad- 
dress has been removed. 


The read recovery time, t,, is the time required for the output 
of the memory to return to its normal (usually the positive) 
level, after the address has been removed. This delay, which 
is mostly caused by the sense amplifiers inside the device, 
must be taken into account when two successive read opera- 
tions from different addresses within a single device cause the 
Data output line to be first Low, then High. The High level 
cannot be attained until after t,, has elapsed. Read recovery 


time is basically the tod+ for an open collector output. Itis usu- . 


ally of no consequence, because it will be covered by the ac- 
cess time of a second read cycle. 


The write time ty, is the length of time that an active level must 
be present on the Write Enable to guarantee successful writ- 
ing in the memory. (A better name for it would be ‘‘write 
pulse width,” but this would confuse it with a similar system 
parameter.) The system must provide the Write Enable signal 
for the full length of tw(max) to guarantee writing in the slow- 
est memory devices, and if the Write Enable signal is generat- 
ed by a decoder circuit, any glitches on the decoder output 
must be less than tyimjn) to guarantee not writing in the 
fastest devices. 


Because the Write Enable signal begins and ends the writing 
operation, it is a convenient reference for the other input de- 
lays, serving as a clock or basic timing pulse. Data setup time 
and the data release time for both High and Low output levels 
make up four parameters associated with a memory data in- 
put and symbolized as tqop, tgs}, tarps ANd tgp} 


Consider the two external delays, Al and AW, shown in the 
ideal memory system. Since the write time is the critical para- 


meter, let the time scale begin at the point when Write Enable 


becomes active — in most cases, when it undergoes a High- 
to-Low transition. The level on the Data line is not important 
at this time, because most memories accept input data up to 
the Low-to-High transition of the Write Enable line, just like 
an edge-triggered flip-flop. But when this Low-to-High tran- 
sition occurs, the Data input to the ideal cell must represent 
the data to be stored. Thus the correct levels must be present 
at the input of the memory AI earlier. This deadline is Al - 
AW before the end of the Write Enable signal at the real 
memory input. 


Only the Low-to-High transition of the Write signal is impor- 
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tant, but both transitions of the data are significant. These are 
the setup times for High and Low data. 


tdsh = Aly = AW, 
tds} = Al_- AW, 


Suppose that these are 20 ns and 10 ns respectively. If data 
represented by a High level is to be stored, then it must be on 
the Data input lines at least 20 ns before the Write Enable sig- 
nal rises — at the rea/ memory, not at the /dea/ device. This 
High data must also remain on the Data lines long enough to 
get stored in the memory. Now a Low level takes 10 ns to get 
through the delay, and, if it appears less than 10 ns before the 
rise of the Write Enable signal, will not get to the ideal device 
before the preceding High level has been stored and the Write — 
Enable signal is gone. 


Therefore, the High level must be applied at least 20 ns, and 
be removed at most 10 ns, before the rise of the Write Enable 
signal. The 10 ns time is commonly called the data release 
time for the High level, or tdrh but it is obviously also the data 
Setup time for the Low level, or tqgj. Hence tgrp, = tggj, not 
only in magnitude, but in every other respect too. 


In a system containing more than one device, however, the 
ranges of setup and release time affect the timing of data 
availablability on the inputs. For example, to store data 
represented by a High level, the level must be applied not 
later than the longest tyg}, before the rise of Write Enable, and 
maintained at that level until after the beginning of the short- 
est tyr, or equivalently the shortest tygj. Conversely, to store 


‘the Low level, it must be present before the maximum tgg; 


and remain until after the minimum tdsh- 


‘If the delay through the data path is very short, the Al- AW 


may be negative, and appear as a negative value for one or 
both of the minimum data setup times. That is, under certain 
circumstances, data that changes after the removal of the ex- 
ternal Write Enable signal will be stored at its new value be- 
cause in fact the Write Enable signal was still moving slowly 
through the delay when the new data arrived. Data sheets 
specify this as either a negative release time or a positive hold 
time. 


The four setup and release times are really only two different 
quantities, which can have maximum, minimum, and some- 
times negative values. Some of the difficulties in specifying 
them are illustrated on the following page and five methods 
of publishing timing specifications (A -— E) are shown. The 
timing chart is for a memory device with a Write Enable pulse 
that ends (goes High) 100 ns after the reference time. The 
chart also shows the required inputs for High and Low data. 
Data can change in the shaded areas, but must be stable in the 
unshaded areas to guarantee writing as specified. 


The first specification (A) follows the recommended method. 
To write High data, the Low-to-High transition must occur no 
later than 80 ns after the reference time, which is the maxi- 
mum tgs, before Write Enable rises; and the level must stay 
High until 105 ns after reference, a time later than the rise of 
Write Enable because the minimum tgg; is negative. A later 
rise or earlier fall makes the correct storage doubtful. But to 
write Low data, the High-to-Low transition can occur as late 
as 85 ns after reference, allowing the maximum tggj, and can 
be reversed as early as just after 90 ns, for the minimum tggp.- 
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Data Timing (Write Mode) 


TIME (ns) 


END OF 
WRITE 
ENABLE 


HIGH 
DATA 
INPUT 


UI MMM 


Min Typ Max 


Method | Parameter Definition (ns) 


10 
-5 


20 
15 


High Data Setup Time 
Low Data Setup Time 


A 


Data Setup Time -5 20 
Data Setup Time 


Data Release Time 


Data Setup Time 
Data Hold Time 


System Data Setup Time 
System Data Hold Time 


Meaning of shading is explained on the right. 


Specification B ignores the difference between setup times for 
High and Low signal levels. Specification C chooses to list 
High data release time instead of Low data setup time. Speci- 
fication D uses still another term, data hold time, which simul- 
taneously changes the sign of the quantity and changes the 
minimum to a maximum, so that now the column is correct. 
Specification E is written from the system instead of the de- 
vice point of view. | 


Address timing, like data timing, involves four different quan- 
tities: setup time, tag, release time, tg,, hold time, tgp, and an- 
other quantity that is often called simply address time, or tg. 
But unlike data timing, both edges of the Write Enable signal 
are important relative to the Address signal. In most devices, 
an address is always present on the Address inputs, and this 
must remain unchanged during the write process. 


There is likely to be less difference between the times at which 
nominally simultaneous High and Low address bits arrive at 
the ideal memory than there is with data bits, because address 
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Address Timing (Write Mode) 


TIME (ns) 


WRITE 
ENABLE 


~a— tah(max) 


DEVICE 1 
ADDRESS 
LINES 
«a—— 'as(max) ~<a— ar(min) 
DEVICE 2 
ADDRESS 
LINES 


Device | Parameter Definition Min |Typi|Max 


Address Setup Time 
Address Hold Time 


Address Setup Time 
Address Release Time 


Transition Time Uncertainties 


TIMING DIAGRAM 
SYMBOL 
Forcing Functions 


Must be Steady 
High or Low 

AS WW’ crs Pe 

RY Changes Permitted 


MEANING 
Other Functions 


Will be Steady 
‘High or Low 


Will be Changing 
From High to Low 


Sometime During 
Designated Interval 


Will be Changing 
From Low to High 
Sometime During 
Designated Interval 


Low-to-High 
Changes Permitted 


State Unknown: 
Changing 


Don't Care 


bits usually pass through less combinational logic enroute 


from their source. This means the worst case fast and slow 
bits are usually fairly close together, and differences between 
High and Low address bits need not be specified. However, 
two parameters must be carefully considered; these are the 
maximum setup time relative to the leading edge of the Write 
Enable signal, and the minimum setup time relative to the 
signal trailing edge. 


The first parameter is the longer of AA, - AW_ and AA_ - 
AW... It specifies how much time the device with the slowest 
address path requires to get the address into the ideal mem- 
ory ahead of the Write Enable pulse. Its symbol is tas(max): 


The second parameter is the shorter of AA, - AW, and AA_ 
- AW, It specifies how long the fastest device takes to get an 
address into the ideal cell. No change in an address can be 
permitted until less than this time remains before the end of 
the Write Enable signal. Although it is actually the minimum 
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address setup time, it is measured relative to the rising edge 
of Write Enable; whereas the maximum setup time is meas- 
ured relative to the falling edge and deserves a different 
name. Since the minimum setup time is likely to be either 
zero or negative, it is commonly designated address hold time, 
or tap; where it is positive, address release time, or tg, is used. 


The Address Timing figure shows this for two hypothetical 
memories. Device 1 is typical of most semiconductor mem- 
ories, but occasionally one is encountered with the character- 
istics of device 2. In both, a substantial difference between 
A W, and A W_ is assumed, emphasizing that the address 
setup and release times are not two limits of the same para- 
meters. As the diagram and the accompanying table indicate, 
a release time is a minimum, but a hold time, because it has 
the opposite sign, is a maximum. 


Although addresses for most memories are in binary form, 
occasionally one has some other scheme. Then the minimum 
address pulse width becomes important, because sometimes a 
nonexistent address may be presented between valid address 
pulses to the array. Since writing can be guaranteed only if a 
valid address is present long enough for the slowest memory 
to respond, the address time, t,, is analogous to, and lasts 
about as long as, the write pulse width, ty. 


But the really important criterion for writing is that, at the 
ideal memory, both the address and the write pulse coincide 
for long enough to allow the slowest device to respond — dur- 
ing a maximum time, again, from the device point of view, 
and a minimum time from the system point of view. Either of 
the two pulses can start the operation when the other is pres- 
ent, and the trailing edge of either can end it. Generalizations 
are difficult but in most systems, the address brackets the 
write pulse, so that the write operation depends on the dura- 
tion of the latter. 


The write recovery time, ty,-, restricts the use of the Data out- 
put lines following a write operation. It is quite like the read 
recovery time — the sense amplifiers respond to the data being 
written just as they do during a read operation, and when the 
written data drives the output to its more negative level, the 
amplifiers require a short time to go positive. 


An example of this behavior is found in Fairchilds 93403 
4-bit by 16-word memory, with output following the input 
during a write operation, but inverted during a read operation. 
Thus, writing Low level data into the memory causes the out- 
put to be Low while the Write Enable pulse is present; but, 
when the Write Enable ends and the address remains un- 
changed, the newly written data appears as a High level at 
the output. Because the sense amplifier inverts the data, each 
stored Low level appears as a High level — but not until after 
the write recovery time has passed. 


Finally, most memories have Chip Select inputs that permit 
address and data lines to be shared by several chips. One chip 
can be enabled for a read or write operation. 


In some memories the Chip Select is simply part of the Ad- 
dress. It is decoded in the same way and is subject to the same 
delays. But in newer designs such as the 93410 256 x 1 TTL 
RAM and the 93415 1024 x 1 TTL RAM, where the Chip Sel- 
ect is independent of, and is considerably faster than, the Ad- 
dress, it has its own delay time specified. The delay from the 
leading edge of the Chip Select signal to the time the output 
becomes active is the enable time, tg, while that from trailing 
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edge to inactive output is disable time, tg. For a write opera- 
tion, the enable time has minimum and maximum values rela- 
tive to the trailing edge of the write pulse, just as the Data in- 
put does, although in general the Chip Select signal should be 
active at least as long as the Write Enable signal. 


In designing the timing of a memory system within the frame- 
work of these eight device delays, it is best to start by showing 
all the signals relative to a single time axis in a timing diagram. 
Only one pulse train can be precisely known at all times, and 
that pulse train must be taken as the reference. All other sig- 
nals will show some uncertainty relative to this reference. 
(See Transition Time Uncertainties Chart) 


To illustrate the foregoing discussion, consider the task of im- 
plementing the scratchpad function in a typical minicompu- 
ter requiring temporary storage of 64 4-bit characters. The 
following block diagram of one possible logic configuration 
shows how all the different delays can be balanced against 
one another. Using the approach defined in the Fast Access 
Timing Chart permits fast operation at the expense of com- 
plex timing signal generation. The other chart shows an 
alternate approach which simplifies timing signal source 
design but sacrifices speeds. 


Scratchpad Memory 
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BIPOLAR MEMORIES 


Fast Access Timing Chart 
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INTERFACE 


In most applications of bipolar memories, the devices are com- 
bined with other TTL or ECL logic elements into a subsystem 
such as a CPU buffer controller or other function. The mem- 
ory device interface is at standard logic levels, and the addi- 
tional hardware required is usually limited to pull up resis- 
tors at the outputs of most TTL memories, and load resistors 
or termination resistors for the ECL memories. 


In some cases, the application may require location of the 
memory several feet or more away from the other functions in 
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the subsystem. The resulting requirement for data trans- 
mission necessitates additional hardware. Data transmission 
is discussed in detail in Communication Line Interface and 
should prove helpful to the designer. In addition, the reader 
should refer to the Computer/Interface Section of the Fair- 
child Linear Integrated Circuits Catalog for information on 
line drivers, line receivers, display decoders/drivers, ElA/ 
MIL interface circuits, and other products useful in interface 
design. 


RANDOM ACCESS READ/WRITE MEMORIES 


SCRATCHPAD /FILE APPLICATIONS 


A scratchpad, often called a file, is a small memory integrated 
into the arithmetic section of a CPU and used for temporary 
storage of current data. Speed is of the essence with cost rel- 
atively insignificant. Early files consisted of flip-flop regis- 
ters, later followed by 4 to 16 word RAM or MSI flip-flop 
arrays. A number of existing designs are based on the 93403, 
16x 4 TTL RAM. Currently, files of 256 words or more are 
in development. The 93410A and 95410 are good candi- 
dates for new design applications. 


MICRO-CONTROL STORAGE USING READ/WRITE 
MEMORY 


Early in semiconductor memory development, a significant 
amount of attention was devoted to read only memories for 
micro-control storage. In many cases, difficulties were en- 
countered in developing firmware for new machines. These 
difficulties involved turnaround time of weeks and months in 
making firmware changes, with costs ranging from tens to 
thousands of dollars per change. One solution to these prob- 
lems is to use RAMs for micro-control storage. Firmware may 
then be changed almost instantaneously, thus greatly acceler- 
ating the development program and eliminating cost and 
downtime for pattern changes. If desired, conversion from 
RAM to ROM can be made at the preproduction phase. Avail- 
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ability of 1024 bit bipolar RAMs such as the 93415 and 
95415 has prompted numerous designers to consider this 
approach. 


BUFFER MEMORIES 


Buffer memories are small to medium memories inserted be- 
tween I/O interfaces and CPU, between main memory and 
CPU, or at other locations where fast intermediate storage is 
required. The availability of 256 and 1024-bit RAM devices 
has resulted in many bipolar buffer memory designs. | 


MAIN MEMORIES 


Main memories vary from 4K to 16K bits in minicomputers 
up to 256K or more words in large mainframes. Before the 
availability of bipolar 1024 RAMs, system designers were 
limited to low cost core with 1 to 2 us access, expensive core 
with 400 ns to 1 us access, or MOS with > 200 ns access. 
Some n-channel MOS products promise faster access time at 
low cost. Present bipolar RAM technology allows implement- 
ing large main memories with 7O to 100 ns worst case maxi- 
mum access times for the subsystem. A read-modify-write 
cycle of less than 150 ns is possible using the 93410 RAM 
and 93XX/93SXX TTL logic. 


93410/93410A RANDOM ACCESS MEMORY 


DESCRIPTION AND OPERATION 


93410 
256-WORD X 1-BIT 
READ /WRITE MEMORY 


Sc a eae a> ee 


LEADS LOADING 


CS1,CS5,CS3 
Ag -A7 


1 UL = 40 pA High/1.6 mA Low 

10 UL is the output Low drive factor. An 
external pull up resistor is needed to provide 
High level drive capability. This output will 
sink 16 mA max at VouT = 0.45 V. 


The 93410 and 93410A are high-speed 256-bit TTL 
random access read/write memories with full decoding 
on the chip. Each memory, organized as 256 words x 
1 bit, is designed for scratchpad, buffer and distributed 
main memory applications. Both devices have three 
Chip Select inputs to simplify their use in larger mem- 
ory systems. Address input lead locations are specific- 
ally chosen to permit maximum package density and to 
provide ease of PC board layout. An uncommitted col- 
lector output is available to permit OR-ties for easy mem- 
ory expansion. 


The 93410A is a high speed version of the 93410, offer- 
ing a 35 ns access time. Since the 93410 and 93410A 
logic functions are the same, the term 93410 used in the 
following discussion applies to both types. 


As shown in the logic diagram, word selection is achiev- 
ed with the 8-bit address input, Ag - A7. Three Chip 
Select inputs are provided — two active Low (CS, and 
CS5) and one active High (CS3) — for maximum logic 
flexibility. This permits memory array expansion up to 
2048 words without additional external decoders. For 
larger memories, the fast Chip Select access time per- 
mits the decoding of Chip Select from the address with- 
out increasing address access time. The read and write 
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operations are controlled by the state of the active Low 
Write Enable WE. With WE held Low and the chip selec- 
ted, the data at Djjq is written into the addressed loca- 
tion. To read, WE is held High and the chip selected. 
Data in the specified location is presented at Doyt and 
is not inverted. 


In many applications such as memory expansion, the 
outputs of many 93410s can be tied together. In other 
applications the wired-OR is not used. In either case, an 
external pull up resistor Rj must be used to provide a 
High at the output when it is off. Any value of Ry within 
the range specified below may be used. 


5.25 2.25 
16 - FO (1.6) n (0.05) + FO (0.04) 


Where: R, is in kQ 
n = number of wired-OR outputs tied together 
FO = number of TTL Unit Loads (UL) driven 


The minimum value of R; is limited by output current 
sinking ability. Maximum R; is determined by the out- 
put and input leakage current which must be supplied to 
hold the output at the required output high voltage 


VOH- 


93410/93410A RANDOM ACCESS MEMORY APPLICATIONS. 


WORD EXPANSION 
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93410 93410 
256-WORD 256-WORD 
WE BY ONE BIT BY ONE BIT 
READ/WRITE READ/WRITE 
MEMORY MEMORY VV 
cc 
DIN 
DouT - BIT 1 
512-WORD BY 2-BiIT ARRAY 
ENABLE Ao At 
@ 
E Ao Ai 
V2 9321 
DECODER 
} Og 01 02 03 
a ny 
V2 9321 a 
DUAL 1-4 DECODER 
DECODER 9321 
93410 
256-WORD 256-WORD 
BY ONE BIT BY ONE BIT BY ONE BiT BY ONE BIT 
READ/WRITE READ/WRITE READ/WRITE READ/WRITE 
MEMORY MEMORY MEMORY MEMORY 
BY ONE BIT BY ONE BIT BY ONE BIT BY ONE BIT 
READ/WRITE READ/WRITE READ/WRITE READ/WRITE 
MEMORY MEMORY MEMORY MEMORY 
Aa-Aiil to 
DIN ALL 
IT 
wee 93410s 
256-WORD 256-WORD 
BY ONE BIT BY ONE BIT BY ONE BIT BY ONE BIT 
READ/WRITE READ/WRITE READ/WRITE READ/WRITE 
MEMORY MEMORY MEMORY MEMORY 
BY ONE BIT BY ONE BiT BY ONE BIT BY ONE BiT 
READ/WRITE READ/WRITE READ/WRITE READ/WRITE 
MEMORY MEMORY MEMORY MEMORY 
4096 - WORD MEMORY PLANE 
The 93410 may be used in memories requiring expan- for accomplishing expansion is shown above. The num- 
ion of both the number of words and number of bits. ber of words may be expanded to 4096 by using only 


A 512 x 2 array and the necessary signal interconnects one 9321 dual 1-of-4 decoder. 


93410/93410A TTL RANDOM ACCESS MEMORY APPLICATIONS 


256-WORD BY 8-BIT BUFFER MEMORY SYSTEM 
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A 256-word by 8-bit buffer memory based on the 93410 
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is shown. Input and output data latches and a modulo counter. 
256 address counter may be implemented with MSI 
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Do Di D2 D3 
1/2 9308 DUAL 
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devices such as the 9308 quad latch and 9316 nae 


93410/93410A TTL RANDOM ACCESS MEMORY APPLICATIONS 


LAST IN/FIRST OUT (LIFO) PUSH DOWN STACK MEMORY (254 Words Deep x 4 Bits Wide) 
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EMPTY = DO NOT READ 

ALMOST EMPTY = ONE MORE TO READ 
ALMOST FULL = ONE MORE TO WRITE 
FULL = DO NOT WRITE 


MEMORY ADDRESS: 


This synchronous memory system accepts data on four ter is decremented. If the previous clock cycle had ex- 
parallel inputs (Iq - |g) and, controlled by two independ- ecuted a Write instruction, then D is controlled by the 
ent inputs (Read and Write), presents the ‘‘youngest’’ register R. If the previous clock cycle had been one of 
word that has not yet been read on the four outputs the other three modes, then D is controlled by the 
(Qo - Q3). It also provides status information on four memory. 


outputs: Full, Almost Full, Empty, Almost Empty. W © R= READ & WRITE SIMULTANEOUSLY — Input 


Operation is synchronous and edge triggered on Data as data is shifted into Q; register R and address counter 

well as Control inputs. It depends on the state of the are maintained. 

lo —l3, Read and Write inputs, and a setup time (~30ns) es 

Bete the rising edge of the clock that should not ex- W ¢ R= DO NOTHING — No change. 

ceed 15 MHz at 50% duty cycle. The control outputs allow normal computer ‘‘hand- 

There are four different modes of operation: sharing: « anialso Supply 2 warning signal-one opera: 
ne tion in advance. 

W e R = WRITE — | is shifted into Q, the old informa- 

tion in Q is shifted into R, the address counter is incre- 

mented, and on the next clock Low period, the content 

of R is written into the new memory location. 


The synchronous up/down address counter is built as a 
shift register counter. This is both faster and more eco- 
nomical than using 9366 binary counters. The non- 
— binary count sequence is no drawback in this applica- 
W e R= READ — Data in the wired-OR D is shifted into tion, and the sacrifice of two of the 256 states is insig- 
Q, the information in R is maintained, the address coun- nificant. 
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93415 RANDOM ACCESS MEMORY 


DESCRIPTION AND OPERATION 


LEADS LOADING 
cS Chip Select (Active Low) 0.25 UL 
Ag - Ag | Address Inputs 0.25 UL 
WE Write Enable (Active Low) 0.25 UL 
Din Data Input 0.25 UL 
DouT Data Output 10 UL 
93415 
1024-WORD X 1-BIT 
READ/WRITE MEMORY 
INPUTS OUTPUT MODE 
ee gee Open 
C E Collector 
H 4 Not Selected 
L L Write Zero 
L L Write One 
L H Read 
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WORD 
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WRITE DRIVERS Leen 


ADDRESS 
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The 93415 is a fully decoded 1024-bit TTL read/write 
memory organized 1024 words by 1 bit. Bit selection 
is achieved with a 10-bit address Ag - Ag. One Chip 
Select input is provided for memory array expansion up 
to 2048 words by using one external inverter. For larger 
memories, the fast Chip Select access time permits the 
decoding of Chip Select CS from the Address without 
affecting system performance. The read and write oper - 
ations are controlled by the state of the active Low 
Write Enable WE. With WE held Low and the chip selec- 
ted, the data at Djjy is written into the addressed loca- 
tion. To read, WE is held High and the chip selected. 
Data in the specified location is presented at Doyt and 


Ag A7 Ag Ag 


is not inverted. Uncommitted collector outputs are 
provided to allow maximum flexibility in output connec- 
tion. In many applications such as memory expansion, 
the outputs of many 93415s can be tied together. In 
other applications, the wired-OR is not used. In either 
case, an external pull up resistor must be used to pro- 
vide a High at the output when it is off. R; is calculated 
using the same formula as shown for the 93410. 


The primary advantages of the 93415 over the 93410 
are higher density and lower power achieved by making 
a speed tradeoff. Refer to data sheet parameters to de- 
termine specific advantages in each application. 


READ ONLY MEMORIES 


Read only memories are fixed-contents memories used for 
random code conversion, for table look-up of certain mathe- 
matical functions (multiplication, sine log) and for storing 
and decoding microinstructions. 


BIPOLAR ROMs 


Bipolar ROMs offer fast operation, high output drive capa- 
bility, and operate from a single +5 V supply. Fairchild offers 
two mask-programmed bipolar read only memories — the 
93434, organized 32 words by 8 outputs, and the 93406, 
organized 256 words by 4 outputs. Both have open collector 
outputs, chip select inputs (programmable on the 93406) and 
a through delay of 50 ns max. 


MOS ROMs 


Fairchild also offers a silicon gate MOS read only memory, 
the 3524, organized 512 words by 8 outputs. MOS offers 
greater packing density and lower cost per bit at the expense 
of an extra supply voltage (-12 V), lower output drive capa- 
bility and considerably longer access time (650 ns max). The 
64 x 5 x 7 and 64x 5 x 9 silicon gate MOS character gener- 


ators (3257, 3258, 3260) are specialized ROMs with on-chip . 


counters, used to display 64 ASCII characters on raster scan 
television displays. 


EXPANDING ROMs 


The two popular ROM formats, 32 words by 8 outputs, and 
256 words by 4 outputs, often have to be expanded into bigger 
arrays with more addresses and/or more outputs. How to do 
this efficiently is explained in the applications of the 93434 
93406 ROM. ; 


CHANGING THE ROM FORMAT 


Many applications need more addresses, but fewer outputs, 
or they need fewer addresses, but more outputs than provided 
by the available ROMs. Applications are included to show 
how the format of the 93434/93406 ROM can be modified 
to meet these requirements. 


SELECTIVE POWER DOWN 


The power consumption of large ROM arrays can be reduced 
significantly by applying power, Vcc, only to the selected 
ROMs. However, this technique increases the access time. 


93434 READ ONLY MEMORY 


DESCRIPTION 


93434 
32-WORD X 8-BIT 
3 READ ONLY MEMORY 


O09 01 02 0304 05 0g 07 


LOADING 
LEADS HIGH LOW 


Address Inputs 
Enable (Active Low) 


1 UL 


Outputs 6.25 UL 


Propagation delay E or Ay to Oy = 30 ns (typ), 50 ns (max) 
xX xX 


ADDRESS BUFFERS 


1 OF 32 


F 
ADDRESS DECODER 


PROGRAMMABLE ARRAY 


OUTPUT BUFFERS 


— The 93434 is a 256-bit bipolar TTL read only memory, 
organized as 32 8-bit words. The words are selected 
by five address lines with full decoding included on the 
chip. The eight outputs are uncommitted collectors 
which may be wired-OR with other ROMs or other TTL 


logic devices. When the active Low Enable (Chip Select) 
input is High, all outputs are High. The contents of the 


memory are permanently programmed to customer 
order. 


93406 READ ONLY MEMORY 


DESCRIPTION 


256-WORD X 4-BIT 
A4 READ ONLY MEMORY 


Oo 01 02 03 


1 OF 32 
DECODER 


eS 


1 OF 8 
DECODER 


*CS1 Be Sect. 
». 
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y 
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LOADING 
HIGH 


1 UL 


LEADS 


LOW 


Ao - Az | Address Inputs 


CS4,CS> | Chip Select Inputs 1 UL 0.5 UL 
Oo - O3 | Outputs Open 9.3 UL 
Collector 


Propagation delay CS or Ay to Ox = 30 ns (typ), 50 ns (max) 


1024-BIT CELL 
32 x 32 


MEMORY MATRIX 


Eo Ee 


1 OF 8 
DECODER 


1 OF 8 
DECODER 


Le ee 10F 8 
4 Wed DECODER 


02 0; Oo 


*Chip Select level is programmable per customer requirements. If not 
specified, CS, and CS» are active Low. 


The 93406 is organized 256 words by four bits, with 
eight address inputs and full decoding on the chip. 
Chip Select leads are programmable to customer selec- 
tion of any of four patterns thus reducing external de- 
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coding requirements. When the Chip Select logic is not 
True, all outputs are High. Refer to the Fairchild TTL 
Catalog or 93406 data sheet for details on user gener- 
ated truth table format. 


93434/93406 READ ONLY MEMORY APPLICATIONS 


EXPANDING ROMs — INCREASING THE NUMBER OF OUTPUTS 


32-WORD X 8-BIT 32-WORD X 8-BiT 
3 READ ONLY MEMORY 3 READ ONLY MEMORY 


A4 


Og 01 02 0304 O5 0g 07 


EXPANDING ROMs — INCREASING THE NUMBER OF ADDRESSES 


93434 
32-WORD X 8-BIT 32-WORD X 8-BIT 
3 READ ONLY MEMORY 3 READ ONLY MEMORY 


Aa 


Og 071 02 0304 O05 0g 07 


The open-collector outputs are OR-wired and the addi- The 93434 then requires a decoder to control the Enable 
tional address bit is used to select the individual ROM. inputs, while the 93406 can decode two address lines 
This concept can be expanded to more parallel ROMs. with its programmable chip select. 


93434/93406 READ ONLY MEMORY APPLICATIONS 


CHANGING THE ROM FORMAT — MORE ADDRESSES, FEWER OUTPUTS 


64 WORDS BY 4 OUTPUTS ROM 


As 932 


Za 2b 


Oo 04 


93434 


A2 32-WORD X 8-BIT 
3 READ ONLY MEMORY 


loa '1a lob !1b lOc Mc lod '1d 
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2-INPUT MULTIPLEXER 


QUAD 


Ze 
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03 


512 WORDS BY 6 OUTPUTS ROM 


Ag CS (PROGRAMMED) 
Al 
A2 


A3 93406 
256-WORD X 4-BIT 
A4 READ ONLY MEMORY 


Vcc 


The 93434 32 x 8 ROM can be converted into a 64 x 4 
ROM by using a quad 2-input multiplexer (9322). A 
High level on the Eq input forces all outputs High, but a 
High level on the E> input overrides and forces all out- 
puts Low. 
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93406 
256-WORD X 4-BIT 
A4 READ ONLY MEMORY 


A3 93406 
256-WORD X 4-BIT 
A4 READ ONLY MEMORY 


Oo 01 02 03 


Three 256 x 4 ROMs can be interconnected to form a 
512 x 6 ROM without wasting any bits. This concept 
can be modified to efficiently provide many other un- 
conventional configurations. 


93434/93406 READ ONLY MEMORY APPLICATIONS 


CHANGING THE ROM FORMAT — MORE OUTPUTS, FEWER ADDRESSES 


93406 
256-WORD X 4-BiT 
A4 READ ONLY MEMORY 


P 4-BIT UNIVERSAL Q3{0 CP 4-BIT UNIVERSAL Q3[O 
SHIFT REGISTER SHIFT REGISTER 


MR Qo Q1 Q2 03 MR Qo Q; Q2 Q3 
e J 


Qo Q1 Q2 Q3 Q4 Q5 6 Q7 


A 256 x 4 ROM can be converted into a 128 x 8 ROM, is used to modify the address, and two 4-bit universal 
but this change in format requires two ROM access registers (9300) assemble the output information. This 
operations for each code conversion. A 5 MHzoscillator increases the apparent access time to 200 ns. 
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REGISTER SELECTION GUIDE 


S — Synchronous 
A — Asynchronous 
P — Preset (Asynchronous ones transfer only) 


# 
of Serial 
Function Device Bits Entry 


Parallel In 9300,74195 

Parallel Out 93HOO 

Shift Right 93L00 
93S00,74S195 
93H72 


Parallel 


# Of # Of | Clock 


93178,74178 
93179,74179 


93199,74199 
9395,7495 
9396, 7496 


Parallel In 93194,74194 ; 
Parallel Out 93S194,74S194 

BiDirectional 93198,74198 

Serial In 93164,74164 Da OR Dg 

Parallel Out 


Parallel In 9394,7494 ap + 4 P 175 
Serial Out 93165,74165 : 2 al be r 210 
93166,74166 8 2 (OR) 35 360 
Serial In 2+2 3 (OR) 
ia eae MUX) 
Serial Out 16 2X 2+2 3 (OR) 
(2-Input MUX) 
Da AND Dp ; 


Multiport Register | 9338 
93S39 
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REGISTERS 


INTRODUCTION 


Registers are data storage devices that are more sophisti- 
cated than latches. They use edge triggered flip-flops (see 
the SSI Chapter for detailed descriptions) and are there- 
fore non-transparent, i.e., the outputs change as a result 
of a clock edge according to input signals that were present 
before this clock edge. Outputs can therefore be fed back 
to inputs without incurring any race conditions. (The asyn- 
chronous data inputs of the 9394 and 9396 registers do 
not follow this rule and must be used more carefully.) 


There are 13 registers in the Fairchild TTL/MSI family, 
and they can be classified into four groups. 


@ 4 and 5-bit general purpose shift registers for general stor- 
age, shifting, counting and code conversion. 


@ 8-bit shift registers for parallel-to-serial and serial-to- 
parallel conversion. 


@ 8 and dual 8-bit (16-bit) shift registers for serial data 
storage. 


@ An 8-bit multiple port register for multiple access storage. 
The selection guide summarizes the features of all of these 


registers. The largest number of registers are in the 4-bit 
general purpose category. 
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75 mW) of the standard 9300 (38 MHz at 300 mW). 


9300, 93L00, 93HOO, 93S00 4-Bit Shift Registers 


PE Po Py P2 P3 


CP SHIFT REGISTER 


K Q3 
MR Qo Q1 Q2 QZ 


The 9300 is a universal 4-bit shift register with serial and 
parallel synchronous operating modes. It has parallel inputs 
and outputs on each stage, a complement output on the last 
stage, an active Low overriding Master Reset and JK input 
configuration for increased functional capability in the serial 
mode. The 93L00 is the low power version (10 MHz at 
The 
93HOO is the high speed version (55 MHz at 325 mW). The 
93S00 is a super high speed Schottky TTL version (100 MHz). 
The 93L00, 93HOO and 93S00 are all logic equivalents to the 
9300. 


REGISTERS 


93H72 4-Bit Shift Register With Enable 


E Po Py Po P3 
S 


D 93H72 Q3 


cP 
MR Qo Q1 Q2 Q3 


The 93H72 is a 60 MHz shift register similar to the 9300 
with three synchronous modes of operation: Shift, Parallel 
Load and Hold (do nothing). (The 9300 cannot “do nothing”’ 
without sacrificing its parallel load capability, but it has a 
more flexible serial input structure, JK.) The device has 
parallel inputs and outputs on each stage, an overriding 
active Low Master Reset and a single line D-type input for 
serial data entry. A High on the Enable input overrides shift- 
ing and parallel load and holds information in the register. 


The synchronous parallel load capability of the 9300 (93L00 
and 93HOO) and 93H72 makes these devices flexible and 
easy to use for a wide variety of applications. The 9300 or 
variations (93LO0, 93HOO) are preferred for applications 
where the serial JK input flexibility is needed or where power 
and speed requirements dictate its use. The 93H72 should 
be used when information must be parallel loaded, shifted 
and held. 


9395 4-Bit Shift Register 


PE Po Py P2 P3 
CP1 


OPCP2 9395/7495 


Qo Q1 Q2 Q3 


The 9395 is similar to the 9300 or 93H72 in that parallel 
and serial data operation is synchronous. However, unlike 
the 9300, the 9395 has two active Low clocks that provide 
independent clocking for serial and parallel data entry. Also, 
the mode polarities are reversed from those of the 9300, 
with parallel data entry occurring when the mode line (PE) 
is High on the 9395 (Low on the 9300). 
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Since the 9395 shifts and loads synchronously it is as flexible 
in this respect as the 9300, 93LO0 and 93H72. However, 
mode change restrictions, the lack of a Master Reset, JK 
inputs and non-standard clock polarities (outputs change on 
a High-to-Low transition) must be acceptable. In some cases 
the independent clock control for serial and parallel opera- 
tion, and the high output drive capability (10 unit loads) can 
be used to advantage. 


9394 And 9396 4 And 5-Bit Shift Registers 


PL, PIAP2AP 1B PapPic Pac Pip Pap 


ELS 9394/5494, 7494 
Ds 4-BIT SHIFT REGISTER 


CP Ck Qp 


Po Py P2 P3 P4 
9396/7496 


CL Qo Q; Q2 Q3 04 


The 9394 and 9396 are 4 and 5-bit shift registers with syn- 
chronous shifting and non-synchronous ones transfer parallel 
data entry. Both registers are resettable and both have pos- 
itive edge clocks, D-type serial inputs and output drive capa- 
bilities of 10 unit loads. When the parallel load control is 
activated, ones on the parallel inputs force the register bits 
to one, but the parallel inputs cannot force the register bits 
to zero. Two parallel load controls and two sets of inputs 
are provided on the 9394 to facilitate parallel ones transfer 
from two data sources. But, in order to accommodate the 
extra set of inputs, only the output of the last register bit is 
brought out. Outputs are available from each stage of the 
9396. 


The ones transfer type of parallel data entry lends itself to 
asynchronous ones-catching applications but is cumbersome 
for data entry since the registers must be reset (through the 
asynchronous reset or through the serial entry of zeros) before 
loading parallel data (ones). The 9396 is the only 5-bit shift 
register available and can save packages in certain applica- 
tions. | 


REGISTERS 


93164 Serial-To-Parallel And 93165 
Parallel-To-Serial Converters 


CP 
MR Qo Q1 Q2 Q3 Qq4 Os Ag Q7 


PL Po Py Pa P3 Pq P5 Pg P7 
D Q 


93165 


The 93164 and 93165 devices are 8-bit shift registers 
designed for parallel/serial conversions. The 93165 is a 
parallel-to-serial converter or 8-bit shift register with non- 
synchronous parallel data inputs, synchronous serial opera- 
tion, negation and assertion outputs from the last stage and 
positive edge ORed clock inputs. In addition to the basic 
parallel-to-serial function, this register can be used as a 
serial storage register where a special code must be inserted 
in parallel. The 2-input OR clock can be used to combine 
two independent clock sources, or one input can act as a 
clock enable (active Low). 


The 93164 is a serial-to-parallel converter or 8-bit shift regis- 
ter with outputs from each stage, AND-type serial data input, 
positive edge clock and active Low overriding Master Reset. 
The 93164 can be used in many applications to replace two 
4-bit shift registers if parallel entry is not necessary. 


9328 And 93L28 Serial Storage Registers 


Ds Do 
9328 
cp 8 BIT SHIFT 
REGISTER 1 


MR 


Ds Do 


9328 


CP 8 BIT SHIFT 
REGISTER 2 

MR 

e 


These devices are long registers without parallel outputs 
suited for serial data storage. The 9328 is a dual 8-bit shift 
register and the 93L28 provides the identical function in a 
low power version. Each 8-bit shift register has a True and 
Complement output available on the last stage, a 2-input 


Q7 fo 


8-5 


multiplexer with data control on the input for data source 
selection and a 2-input OR clock input. Both registers have 
a common clock obtained by internally tying one input of 
each clock OR gate together, and an overriding asynchronous 
Master Reset. 


9391 8-Bit Shift Register 


The 9391 is an 8-bit shift register with D-type AND serial 
input, complementary outputs and a positive edge clock. It is 
an alternative to the 9328 when only eight bits of serial stor- 
age are required and when non-standard power leads and the 
lack of a Master Reset can be tolerated. 


9338 8-Bit Multiple Port Memory 


AoDA CP SLE 


MULTIPLE 


PORT 
REGISTER 


The 9338 is an 8-bit multiple port register. Data can be 
written into any one of the eight bits and read from any two 
of the eight bits independently. The device features master/ 
slave operation, so that data is written when the clock is Low 
and read when the clock is High. The device is designed for 
use as a 1-bit slice of eight or more working registers/accumu- 
lators, or in scratch pad memory applications in a three 
address processing unit. 


Three address fields are provided: one write field (AgA;A 9) 
for data entry and two read fields for data readout (BoB, Bo, 
CoC;Cz). Data on the input is routed to one of eight 
latches by the write address code Ao, Ay, Ag. Data from 
any one of these latches can be read out through a slave latch 
on the Zp output by applying the desired read address to Bo, 
B; and By. Independently, data also can be read out 
through a slave latch on Zc from the latch addressed by 
Co, Cz and C5. Because of the master/slave operation, the 
write address can be the same as one of the read addresses 
without incurring a race condition. The Slave Enable control 
(SLE) overrides the clock to the slaves. If SLE is Low, the 
slaves are enabled all the time. 


9300 SHIFT REGISTER 


DESCRIPTION AND OPERATION 


LEADS LOADING 
PE Parallel Enable (Active Low) Input 2.3 UL 
Po,P1,P9,P3 Parallel Inputs 1 UL 
J First Stage J (Active High) Input 1 UL PE Po Py P> P3 
pon J 
K First Stage K (Active Low) Input 1 UL eave: coc GER 
cP Clock (Active High Going Edge) Input 2 UL A es Gada” 
MR Master Reset (Active Low) Input __ 1 UL 
Q9,01,02,03 | Parallel Outputs 6 UL 
Q3 Complementary Last Stage Output 8 UL 
PE Po Py P2 P3 
y 


Qo Q) Q2 Q3 
The 9300 4-bit Shift Register is a general purpose, input. When the PE input is Low, the D inputs of the 
sequential MSI unit. Operation of the 9300 Shift Reg- four stages (Qo, Q1, Qg and Q3) are connected to the 
ister is indicated by the logic diagram shown here. The parallel inputs (Po, Py, Pg and P3). These inputs 
device has four clocked master/slave flip-flops with determine the next condition of the shift register syn- 
D inputs. The D input of each stage can be switched chronously with the clock. With the PE input Low, the 
between two logical sources by the Parallel Enable (PE) element appears as four common clocked D flip-flops. 
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9300 SHIFT REGISTER 


MODE SELECTION/DATA ENTRY 


ml 
m 


a 
xrarn~n~ TK] A! 


Asynchronous Reset 
Shift, set first stage 
Shift, reset first stage 
Shift, toggle first stage 
Shift, retain first stage 
Parallel load 


Lower case letters describe the state of the input (or output) 
one set-up time prior to the Low-to-High clock transition. 


When the PE input is High, the D inputs of stages Q1, 
Q5 and Q3 are connected to the outputs of Qo, Q4, 
Qy respectively, forming a 4-bit shift register. The D 
input to stage Qo with PE High is obtained from the 
J and K inputs via gating elements to produce the action 
of the first stage as shown in the truth table. As a result, 
the shift register performs a 1-bit shift for each clock 
input. In both the serial and parallel modes the outputs 
change state after the Low-to-High clock transition. All 
stages are set to zero when the Master Reset (MR) 
input is Low, regardless of any other inputs. 


Except in response to the Master Reset input, the out- 
puts of the 9300 shift register change only on Low-to- 
High transition of the clock input signal. As a result 
of this synchronous operation, much less external logic 
is required in most applications. The logic operation 
performed is determined by the logic levels on the J, 
K, P or PE inputs and set up time before the rising 
edge of the clock (non ones-catching). There is no 
other restriction on the activity of those inputs. 


9300 SHIFT REGISTER APPLICATIONS 


QUAD D FLIP-FLOP OR DUAL 2-BIT REGISTER 


Do Dy D2 D3 


PE Po Py P2 P3 PE Pg Pj Pa P3 
9300 
CP SHIFT REGISTER CP SHIFT REGISTER 


K Q3 K Q3 
MR Qo Q; Q2 Q3 MR Qo Q1 Q2 O3 


Qo Q1 Q2 Q3 


Qa2 QB2 


As mentioned earlier, when the 9300 is operated in interconnected to form other combinations as in the 
the parallel mode it appears as four common-clocked dual 2-bit configuration above. 
D flip-flops. These four flip-flops can be externally : 


LEFT/RIGHT SHIFT REGISTER 


LS/RS SELECT (LOW = LS) 
LS DATA INPUT 


RS DATA INPUT 


‘RS DATA OUT 
MASTER RESET 


LS DATA OUT 
CLOCK 


LS = LEFT SHIFT 
RS = RIGHT SHIFT 


The synchronous parallel inputs of the 9300 can be inputs respectively so that each element now shifts 
used to produce a register that shifts left or right on right when the Parallel Enable is High and left when it 
each clock. As shown above, each 9300 has the Qj, is Low. For left shifting, Qo is the serial data output 
Q 9 and Q3 outputs connected to the Po, Py, Po and P3 is the serial data input. 7 
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9300 SHIFT REGISTER APPLICATIONS 


SERIAL-TO-PARALLEL CONVERSION 


SERIAL DATA 
INPUT 


PE Pg P; P2 P3 


9300 
ye SHIFT Ree 


CLOCK 
MASTER RESET 


DATA OUTPUT 


The 7-bit serial-to-parallel converter shown counts the Low signal to the PE input so that on the next clock a 


incoming data bits with a zero marker so that a High parallel load takes place. The. next data bit from the 
signal results on the data ready line when the next serial line plus the zero marker bit followed by ones is 
seven bits of data are present on the seven data output loaded to fill the register. The Q3 output of the last bit 
lines. When the register is full, a zero marker bit has in the register provides a signal indicating the register 


reached the last position of the register and provides a is full. 


SERIAL-TO-PARALLEL CONVERSION WITH HOLDING REGISTER 


[4 aes 
PE Po Pi P2 P3 : PE Po P1 Pa P3 
9300 9300 

LI cp SHIFT REGISTER CP SHIFT REGIEU 

5] K O31e 
MR Qo Q1 Q2 Q3 en Q2 . 

RK co ff ° 
= ; Sete 


SERIAL DATA 
INPUT 


: SS 


j PE Po Pi Po P3 PE Po Pi Po P3 


930 9300 

CP SHIFT REGISTER CP SHIFT REGISTER 
K 3 K Q3 
MR Qo QO; Q2 Q3 MR Oo OQ; Q2 Q3 


DATA 
PARALLEL OUTPUT CHANGE 


This figure shows an 8-bit serial-to-parallel converter parallel converter gates the clock into the holding reg- 
with two 9300s used as a holding register so that the ister. A High-to-Low signal change on the data change 
parallel data is available for more than one bit time. output line indicates that the next eight bits of data are 
The 03 output of the last bit position of the serial-to- present at the parallel output. 
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9300 SHIFT REGISTER APPLICATIONS 


DUAL INPUT SHIFT REGISTER 


DATA INPUT 2 
SOURCE SELECT 
P4)P21P 
DATA INPUT 1 1 aH 


DATA CLOCK | 
| Q 


310— DATA 


For shifting data into a register from two sources, the 
synchronous parallel load capability of the 9300 is 
useful. The circuit has a 4-bit register with the Qo, Q4 
and Qa outputs connected to the P41, Pg and P3 inputs 
so that right shifting occurs independent of the PE 
input. The PE input thus selects either the Po or the 
JK inputs to the register. 


SHIFT/HOLD CAPABILITY 


SHIFT/HOLD 
PE Po P1 P2 P3 


930 
CP SHIFT REGISTER 
Q310 
MR Qo Q1 Q2 G3 


The synchronous parallel load also can provide a shift 


enable capability by connecting the register outputs to — 


the same weighted parallel input as above. With the 
Parallel Enable High, information normally shifts right. 
When the Parallel Enable is Low, register data is re- 
loaded continuously on each clock to hold data. The 
93H72 is better suited for this application since it can 
hold data without sacrificing the parallel load capability. 


RECIRCULATION 


NEW DATA 


ENTER/CIRCULATE 
CONTROL 


PE Po Pi Pa P3 


930 
CP SHIFT REGISTER 


Ol K 
- MR Qo Q; Q2 Q 
C) 


DATA OUT 


One obvious use of the 2-input shift register is to use 
one input for new data and the other for recirculation 
with the Parallel Enable input acting as an enter/ 
circulate control as shown. With these connections, 
four clock periods are required to recirculate data. 


EDGE DETECTOR WITH STORAGE 


RECIRCULATE/CLEAR 


1/4 9002 


be 1/4 9002 


PE Po P1 Pa P3 


9300 
CP SHIFT REGISTER 
K Q3 
MR Qo QO; Q2 QZ 


1/4 9002 


In this circuit, the four D flip-flops obtained by opera- 
ting the 9300 in the parallel mode form an edge detec- 
tor plus a circulating storage bit. The positive transition 
of the input is detected and a one is stored in the recir- 
culating storage bit as a flag bit to indicate that the 
edge has occurred. The edge is detected by decoding the 
information in the 2-bit shift register Qo, Q3. The 
register holds input information during two clock 
periods so that when a Low-High sequence appears 
(corresponding to an edge) a one is inserted into the bit 
of recirculating storage (Q1). The one will recirculate 
until the clear line is brought Low. The unused first flip- 
flop could serve as a Storage bit for the carry of an 
arithmetic operation or as an extra bit of shift register 
if the clock and reset signals are compatible. 


9300 SHIFT REGISTER APPLICATIONS 


PARALLEL-TO-SERIAL CONVERSION 


9300 
CP SHIFT REGISTER 


K Q3 
MR Qo Q1 Q2 Q3 


CLOCK 


Figures a and b above show two parallel-to-serial con- 
version circuits. The circuit on the top is a 7-bit con- 
verter which illustrates the approach used when the 
number of bits to be converted is one less than an in- 
tegral multiple of four bits. The circuit on the bottom has 
an additional flip-flop to produce an 8-bit converter. 
One additional gate is used in both circuits to time the 
conversions so that a marker bit can be used to deter- 
mine when the next parallel input must be loaded. The 
parallel load enable (PE) input to the shift register(s) 
is activated in both circuits when the shift register 
contains ones in all but the last two positions. At this 
time, the last position contains the last data bit for serial 
output from the previous parallel load, and the next-to- 
last bit contains a O. Until this O was shifted into the 
next-to-last position, it held the PE input High during 
the shifting out of the data. The output of the gate 
driving the parallel load enable now goes Low so that 


The Fairchild 9300 4-bit shift register is a general purpose 
sequential building block not limited to register operation 
but useful in a wide variety of sequential digital applications. 
It can be used in many counting circuits including simple 
counters, variable modulo counters, up/down counters and 


=: Shier REGISTER 


PARALLEL INPUTS 


PE Po Py Po P3 


Q3 
MR Qo Q; Q2 03 


PE Po Py P2 P3 


9300 
CP SHIFT REGISTER 


K Q3 DATA 
MR Qo OQ; Q2 QZ 


SERIAL OUTPUT DATA 


PARALLEL INPUTS 


: PE Po Py P2 P3 
Ut 


Lee Suier eecisies 


K Q3 
MR Qo Q; Q2 O3 


SERIAL OUTPUT DATA 


on the next clock the next parallel data word will be 
loaded along with a new zero marker bit. 


This converter uses a zero marker bit to count the data 
bits shifted out. After the parallel load, (which loads a 
zero followed by seven data bits), each shift brings in a 
one. When the register contains six adjacent ones, the 
output of the last stage is the last data bit from the pre- 
vious load. At this time, the gate output becomes Low, 
enabling a load on the next clock. 


The 8-bit shift register shown uses the two 9300 shift 
registers and half of a 9024 flip-flop. When the first 
seven bits of this register are ones the 9007 gate is en- 
abled. The output of this gate enables the Parallel Load 
of the 9300s and supplies a zero input to the flip-flop 
so that on the next clock the register is loaded with a 
zero followed by eight bits of data. Seven clocks after 
the parallel load, the last data bit is in the last position. 


increment/decrement counters. These applications are illus- 
trated and described in counter applications. The 9300 
can be used for BCD-to-binary and binary-to-BCD conver- 
sion as described in operators. | 


93164 8-BIT SERIAL TO PARALLEL CONVERTER 


DESCRIPTION AND OPERATION 


LEADS LOADING 
A, B Serial Data Inputs 1 UL 
MR Master Reset (Active Low) Input 1 UL 
Qo - Q7 | Parallel Outputs 5 UL 
CP Clock (Active High Going Edge) input 1 UL 


cP 
MR Qo Q1 Q2 Q3 O4 Os 06 Q7 


The 93164 is an 8-bit shift register with serial data 
entry. The output of each stage is available. A Master 
Reset is also provided for asynchronously clearing the 
register. Data enters serially through one of two inputs 
(A or B). The unused line must be held High or both 
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CHARACTERISTICS 


TYPICAL SPEED 36 MHz 

TYPICAL DELAY 20 ns 

PACKAGE 14-lead DIP or Flatpak 
TYPICAL POWER DISSIPATION | 180 mW 


t, = present state 


th+1 = State after next clock 


lines should be connected together. Each Low-to-High 
clock transition shifts the data one place to the right. 
Master Reset (MR) Low overrides all other inputs and 
asynchronously clears the register. 


93165 8-BIT PARALLEL TO SERIAL CONVERTER 


DESCRIPTION AND OPERATION 


LEADS 


Parallel Load (Active Low) Input 


Po - P7| Parallel Inputs 1 UL 
Ds Serial Data Input 1 UL 
CP Clock (Active High Going Edge) Inputs 1 UL 
Q7 Serial Output from Last Stage 10 UL 
Q7 Complementary Output 10 UL 


The 93165 is an 8-Bit parallel load or serial-in shift 
register with Q7 and Q7 outputs available from the 
last stage. Parallel loading is accomplished asynchron- 
ously when the Parallel Load (PL) input is brought Low. 
With the PL input in the High state, data enters the 


LOADING 


CHARACTERISTICS 

TYPICAL SPEED 26 MHz 

TYPICAL DELAY 20 ns 

PACKAGE 16-lead DIP or Flatpak 


TYPICAL POWER DISSIPATION | 230 mw 


PL Po Pi P2 P3 Pq P5 Pg P7 
D Q 


93165 


P3 


x 


ET 
Q3 


register serially at the D input and is shifted one place 
to the right with each positive-going clock transition. 
The clock has two inputs; either can be used as the 
actual clock input. The other input can then be used as 
a Clock inhibit by holding it High. 
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9328 DUAL 8-BIT SHIFT REGISTER 


DESCRIPTION AND OPERATION 


Ds Do 
1/2 9328 

cP 8 BIT SHIFT 

REGISTER 1 


MR 


Ds 
1/2 9328 


7 
D CP 8 BIT SHIFT 
REGISTER 2 Q7|0 
MR 
) 


Do Dy 


The 9328 dual 8-bit shift register features active pull 
up outputs, high speed, excellent noise margins and 
input clamp diodes that minimize the adverse effects 
of line reflections. 


The 9328 dual shift register includes two groups of 
eight clocked RS master/slave flip-flops and several 
gates. The logic symbol and loading rules are shown 
above. The two shift registers have both a common 
clock input (lead 9) and separate clock inputs (leads 7 
and 10). The clock OR gate drives the eight clock inputs 
of the flip-flop in parallel. When the two clock inputs 
(the separate and the common) to the OR gate are Low, 
the slave latches are inactive, but data can enter the 
master latches via the R and S inputs. If either clock 
input goes High with the other Low, or if both go High 
simultaneously, two things happen. Data inputs R and 
S are inhibited so a subsequent change in input data 
does not affect the master, and the information in the 
master is transferred to the slave. When the transfer is 
complete, both the master and the slave remain steady 
as long as at least one clock input remains High. 


During the High-to-Low transition of this last High 
clock input, the transfer path from the master to the 
slave is inhibited so the slave does not change its state. 


LEADS LOADING 
Ds Data Select Input 2.0 UL 
Do, Dy | Data Inputs 1.0 UL. 
CP Clock (Active High Going Edge) Input 

Common 3.0 UL 

Separate 1.5 UL 
MR Master Reset (Active Low) Input 1.0 UL 
Q7 Last Stage Output 10.0 UL 
Q7 Complementary Output 10.0 UL 


Also, data inputs R and S are enabled and new data can 
enter the master. Either clock input can act as a clock 
enable input.and a logic Low signal enables the other 
clock input. The three clock inputs can be used in 
several ways: 


@ One common clock for 16 bits and two separate 
clocks for eight bits each. : 


@ One common clock for 16 bits and two separate 
clock enables, one for each 8-bit shift register. 


@ Two separate clocks and one common clock enable. 


Each 8-bit shift register has a 2-input multiplexer in 
front of the serial data input. The two data inputs, Do 
and Dy are controlled by the Data Select input Ds 
according to the Boolean expression: 


Serial Data In: Sp = DgDg + DgDy 


Both assertion and negation outputs of each 8-bit shift 
register are available for use. An asynchronous Master 
Reset (MR) with a Low logic level clears all 16 stages 
regardless of other inputs. 


9328 DUAL 8-BIT SHIFT REGISTER 


RECIRCULATION DATA ENABLE 


DATA IN 
INSERT/CIRCULATE 


DATA 
Ds O09 Dy ENABLE 
1/2 9328 


8 BIT 


Q7 
CLOCK cp 


SHIFT ENABLE SHIFT REGISTER Q7 


MR 


Do 
1/29328 977 
DD cP 8 BIT 
SHIFT REGISTER re] 


MR 


Ds Dy 


The 9328 provides economical high speed serial stor- 
age. It can accept data from any of two data sources 
via the 2-input multiplexers at the input of each 8-bit 
shift register. This figure illustrates how this capability 
is frequently used. With the setup shown, information 
continues to circulate through the feedback connection 
and new data is inserted at the required time by the 
Data Select control. 


The input multiplexer of the 9328 can be used as a data 
enable circuit, shifting zeros into the register whenever 
the Data Select input is Low. 


MINIMUM INPUT PATTERN/TWO VARIABLES 


CONNECTION TO 
A 
FUNCTION B 


A B HIGH LOW 
LN, 


FUNCTION DELAYED 


BY EIGHT BITS 
REGISTER 


MR 


> DIDS DI dial dS D| 


jn >>>y> 


The input multiplexer of the 9328 can also be used to 
generate any one of the 16 theoretically possible func- 
tions of the two variables A and B. The table shows how 
the three inputs Dg, Do and D1 must be connected for 
this purpose. 


Lele reLe LeeLee ele ee 
LLrr Laer Lara Le eile Ss 
ict Ag a SE SR ec ed aes peaches A BT a li pee cade 
Laat ltr tir er eee er} eee 


X 
A 
B 
B 
A 
A 
A 
A 
A 
A 
A 
B 
B 
A 
A 
X 


Totrirowiririmareartroalr 
Trwortrrwwaawvderrerrrereere 


9328 DUAL 8-BIT SHIFT REGISTER 
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The use of Ds, Do, Dy to provide enable capability 
can be extended with a 9301 active Low output de- 
coder to control data flow in a bank of eight shift regis- 
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One of the clock inputs on the shift register can serve as 
an active Low shift select control. The 9301 deter- 
mines which shift register from a bank of shift registers 
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ters. In this circuit, data enters the selected register 
under control of the address of the 9301. Data recircu- 
lates in the non-selected registers. 
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can accept data inputs. The input clock loading of the 
9328 permits a single 9301 decoder to control 10 shift 
registers of up to 48 bits in length. 
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Shown is a circuit diagram of an 8-word by 8-bit serial/ 
parallel memory using eight 9328s. In this circuit, 
serial data enters any of the four 9328s. A 9301 1-of- 
10 decoder determines which register the data enters 
and whether the data is old or new. The eight outputs 


Q7to 


of the parallel shift registers are multiplexed by two 
8-input 9312s providing two serial independent output 
data streams, A and B. These data streams are then 
applied to additional serial processing logic. 
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The 9328 can be used with other MSI devices as a vari- 
able-length shift register. This example uses three 
9328s, three 9309 dual 4-input multiplexers and two 
9300 shift registers. This shift register can shift data 
to 31 locations with appropriate logic to the shift ad- 
dress inputs. 


Data enters the first half of one of the 9309 multi- 
plexers, governed by a circulate/enter control. The out- 
put of this half of the 9309 then enters the second half 
in one of two ways: directly, if the required length regis- 
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ter is even; or via a single shift delay if the required 
length register is odd. Then, the output of the second 
half of the 9309 multiplexer is fed directly to another 
9309 or.via a 2-bit shift register if a shift of two places 
is required. 


This procedure continues with each half of each multi- 
plexer switching the data either directly from a pre- 
vious stage or via a binary-weighted shift to its output. 
The final output is fed back to the first multiplexer to 
provide circulation capability. 
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A variable-length shift register with slightly different 
wiring is illustrated above. In this circuit, the first 
9300 permits two lots of data to enter: (1) the input in- 
formation to the variable-length shift register, and (2) 
the variable-length shift register’s final output (which 
recirculates through the circuit). To provide for these 
two inputs, the device is connected as a shift register 
in the parallel mode and the Parallel Enable line is 
used as a circulate/enter control. The second 9300 
does not have this dual entry mode of operation. These 
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two 9300s constitute an 8-bit shift register. A 9312 
8-input multiplexer switches the outputs of the two 
9300s to provide variable-length shifting up to eight 
stages. The output of the 9312 is then fed to one of the 
eight inputs of a second 9312. The seven other inputs 
come from three and one-half 9328s which provide 
shifting in increments of eight bits. The address inputs 
of the two 9312 multiplexers can shift the incoming re- 
the required number of places, up to a maximum of 64 
places. 
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A counting multiplex display scheme for controlling 7- 
segment numeric displays is shown here. The two 
9328 shift registers hold eight decades of information 
and each decade sequentially addresses a 9307 de- 
coder which drives the segments of 7-segment displays 
via buffer transistors. The 9310 decade counters count 
to the desired value and when display is required, the 
recirculation loop is broken and the eight new decades 
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of information are shifted into the shift registers. At 
any clock time, the character to be displayed is con- 
trolled by two devices: a 9316 counter connected to 
divide by eight and a decoder with eight mutually ex- 
clusive control lines. These control lines are usually 
buffered by transistors for each character. Low speed 
industrial counter applications are covered in counters. 
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A simple pseudo-random sequence generator is illus- 
trated. The circuit uses only two ICs and recirculates 
every 50 milliseconds with a 20 MHz clock frequency. 
The required feedback connection can be expressed as: 


The 9328 can act as a shift register counter in which 
several states are decoded and fed back to the input to 
force the register to pass through a loop of states. Only 
the last stage of each shift register is available so a 
limited number of counters can be built using one 9328. 
This figure shows one half of a 9328 connected as a 
modulo 16 counter producing a sequence of eight 
zeros and then eight ones. The counter must be initial- 
ized since the same logic configuration could also pro- 
duce other sequences; e.g.,010101, the sequence gen- 
erated by a modulo 2 counter. The 9328 can also be 
used in increment/decrement counting schemes for 
multi-decade operations. This application is covered 
in counter applications. 


OQ © Qyg = A2Q1Q9 + Q704q. 


To provide this logic without additional gates, Qo is 
fed into the Parallel Enable of the 9300 shift register 
connected to act as a shift register even when parallel! 
loading takes place. When Q> is Low, the input to the 
shift register is Q49; when Qg is High, the input is Qi9 
via the normal JK inputs. 
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The 9328 can be used as part of a long shift counter to even at a frequency of 20 million states per second the 
provide a pseudo-random sequence, as shown. This counter would not repeat until more than 18 centuries 
counter passes through 260-1 states, so many that had elapsed. 
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9338 8-BIT MULTIPLE PORT REGISTER 


DESCRIPTION AND OPERATION 
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The 9338 8-bit multiple port register can be considered 
a 1-bit slice of eight high speed working registers. 
Data can be written into any one and read from any two 
of the eight locations simultaneously. Master/slave 
operation eliminates all race problems associated with 
simultaneous read/write activity from the same loca- 
tion. 


Timing of data transfer is similar to that of a standard 
master/slave flip-flop. When the clock is Low the slaves 
are held steady but the information on the D (data) in- 
put is permitted to enter the selected master. The next 
Low-to-High clock transition locks the masters and they 
become insensitive to D and write address inputs. This 
rising clock edge also connects each of the two slaves 
to the selected masters, causing their contents to be 
reflected on the outputs. Therefore, outputs change 
following the Low-to-High clock transition as in most 
Fairchild TTL/MSI devices and TTL flip-flops. The Slave 
Enable (SLE) input can be used to defeat the master/ 
slave operation. If the Slave Enable line is held low 
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LEADS LOADING 
Ao, Ay, Az | Write Address Inputs 2/3 UL 
Data Input 2/3 UL 
Bo, By, Bz | B Read Address Inputs 2/3 UL 
B Output 10 UL 
Co, Cy, Cpa | C Read Address Inputs 2/3 UL 
Zc C Output 10 UL 
CP Clock Active High 
= Going Edge Input 2/3 UL 
SLE Slave Enable (Active Low) 
Input 2/3 UL 


(SLE), the slaves are continuously enabled allowing 
immediate transfer of information from the selected 
masters to the outputs. 


The 9338 features master/slave operation permitting 
simultaneous read/write without race problems, easy 
expansion for larger word size and word count, typical 
power dissipation of 265 mW and two output lines al- 
lowing two words to read simultaneously. The two out- 
put lines mean both inputs to an arithmetic or logical 
operation may be provided from one register bank of 
9338s. Other characterisitics of the 9338 include 
high speed with typical delay from clock pulse to out- 
put of 35 nanoseconds, TTL integrated circuitry with 
active pull up providing high speed with reasonable 
power consumption and excellent noise margins, in- 
put clamp diodes to ground minimizing the effects of 
line reflections and input/output characteristics that 
provide easy interface with all Fairchild TTL and DTL 
devices. 
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The logic diagram for the 9338 is shown above. When 
the clock input (CP) is Low data applied to the data B 
input line (Da) enters the selected master. This selec- 
tion is accomplished by coding the three write input 
select lines (Aop,A4,AQ) appropriately. Data is stored 
synchronously with the rising edge of the clock pulse. 


The information for each of the two slaved (output) 
latches is selected by two sets of read address inputs 

(Bo, By, Ba and Co, Cy, Co). The information a 
enters the slave while the clock is High and is stored 

while the clock is Low. If Slave Enable is Low (SLE), 

the slave latches are continuously enabled. The signals 

are available on the output leads (Zp and Zc). The 

input bit selection and the two output bit selections can 

be accomplished independently or simultaneously. 

The data flows into the device, is demultiplexed accord - 

ing to the state of the write address lines and is clocked 

into the selected latch. The eight latches function as 
masters and store the input data. The two output 
latches are slaves and hold the data during the read 
operation. The state of each slave is determined by the 

state of the master selected by its associated set of read FUNCTIONAL EQUIVALENT 
address inputs. 
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9338 8-BIT MULTIPLE PORT REGISTER 


EQUIVALENT IMPLEMENTATION OF FOUR 9338s 
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Fourteen MSI packages are required to implement the function of four 9338s. 


9338 8-BIT MULTIPLE PORT REGISTER 


SERIAL EXPANSION CAPABILITIES 


WRITE CLOCK 


9338s can be extended serially for m banks of n bits each 
by designing several n stage registers and multiplexing 
the outputs. Two banks of 16 registers are shown. Ad- 
ditional banks are possible by extending the address- 
ing scheme using larger multiplexers and using a de- 
coder to drive the clock inputs. Information is written 
into the required register bank by pulsing the clock line. 
The master/slave arrangement functions properly with 
this clocking scheme but is defeated by tying Slave 
Enable Low. 
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DATA BIT 


The A, B and C address lines are each four lines. The 
three low-order bits (Ap_9, Bo.2, Co.2) are common 
to all 9338s and organized as in the next figure. The 
high order bits (A3, B3, C3) select the bank for read 
or write operation. Bit Az gates the.clock pulse to one 
of the banks. This pulse loads all of the data bits into 
the bank selected by A3 and the position determined 
Ag.2. Bits B3 and C3 select the source of the infor- 
mation to be passed through the multiplexers. 
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For parallel expansion, one 9338 is needed for each bit vices. This register configuration provides two words of 
of required word length. The clock and address input n bits each at one time as illustrated, where n devices 
lines should be connected in common on all of the de- are connected in parallel. 
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9338 8-BIT MULTIPLE PORT REGISTER APPLICATIONS 


ARITHMETIC LOGIC UNIT 
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The basic application of the 9338 is as a 1-bit slice 
of eight registers/accumulators for use with an arith- 
metic logic unit. A 4-bit section of such a system is 
shown. This is easily expandable to a larger word length. 


The 4-bit section uses four 9338 8-bit multiple port 
registers and two 9309 dual 4-input multiplexers with 
a 9340 4-bit arithmetic unit. The system provides eight 
storage registers that can be used as accumulators, 
data registers or scratch pad memories. Because of the 
versatility of the 9340, this design results in a flexible 
arithmetic unit. One or two words can be written into 
the 9340 and operated on according to the two select 
lines. The output can be fed back to the registers into 
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the same or a new location, and it may be shifted left or 
right by the multiplexers before being reloaded. New 
data also enters through the multiplexers. For increased 
speed, two words can be operated on by the 9340 at the 
same time new data is being loaded. 


This arithmetic unit is capable of operating by itself 
without additional access to the main memory. It can 
execute short subroutines very rapidly by using the 
eight registers of the 9338. The shifting capability 
provided by the multiplexers permits multiplication 
and division. With additional gating, this section can 
be part of a BCD arithmetic unit instead of the hexa- 
decimal (binary) mode described here. 
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The First In/First Out memory above is capable of stor- 
ing up to eight words. Separate write and read clocks 
allow asynchronous data entry and retrieval. Two bin- 
ary counters (9316s) separately keep track of the read 
address and the write address. 


In normal operation, the write address counter advances 
following each write clock and the read address counter 
advances following each read clock. Assuming one to 
seven words are Stored in the 9338s, the read and write 
addresses will differ. Should a read clock cause the last 
word to be read from the memory or a write clock cause 
an eighth word to be written into the memory, the two 
counters will contain the same value. A 9324 compara- 
tor detects this condition and enables either the gate 
labeled Memory Full or the gate labeled Memory Empty 
depending on the state of the latch (two cross-coupled 
9003 gates) determined by the last write or read clock. 
If the memory is empty, the read clock is not permitted 
to advance the read address counter. If the memory is 
full, additional write clocks advance both counters and 
cause the oldest data to be lost. 
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A Low on the Master Reset line initializes the memory 
by clearing both counters and setting the latch to the 
Memory Empty state. Care should be exercised in using 
this circuit if the Low-to-High transitions of both clocks 
can occur simultaneously. The state of the latch would 
be undeterminable if this occurred. Needless to say, 
the scheme is easily expanded to more words and to as 
many bits per word as needed by adding more 9338s, 
more counter stages, and buffers as needed in the ad- 
dress lines. 


By using one 9366 up/down binary counter for both 
read and write address, a Last In/First Out memory 
can be designed. A write clock increments the counter 
following a write into the memory. A read clock causes 
the counter to decrement. The current address would be 
the most current word written into the 9338 bank. 
If two words are to be read without a write, then the 
latest and the next latest word would be read. The 
Terminal Count output from the 9366 can be used to 
prevent the counter from overflowing or underflowing. 


93H72 HIGH SPEED 4-BIT SHIFT REGISTER WITH ENABLE 


DESCRIPTION 
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The 93H72 is a high speed 4-bit synchronous shift reg- be used in any serial/parallel and input/output com- 
ister with three modes of operation permitting serial bination such as_ serial-serial, shift-left-and-right, 
and parallel data entry and data hold. The 93H72 can parallel-to-serial and serial-parallel data transfers. 


OPERATION 
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Ss 


Qo Q; Qe Q3 
The 93H72 consists of four master/slave D flip-flops. The register is fully synchronous with information trans- 
The D input of each flip-flop can be logic switched fer to the outputs occurring when the clock goes from 
among three sources; the parallel input, the output of Low to High. The proper information for serial and 
the previous stage or the flip-flop’s own output. The parallel load need only appear on the serial or parallel 
Shift Select and Enable inputs are decoded to provide inputs just prior to the Low-to-High clock transition. 
source selection. The input for the first stage in the Synchronous operation allows any input/output com- 
serial mode is a D type input. All flip-flops have asyn- bination, and in most cases a minimum of logic is 
chronous resets which are tied in common and buffered required. 


to provide the Master Reset capability. 


93H72 HIGH SPEED 4-BIT SHIFT REGISTER WITH ENABLE 


MODE SELECTION 
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Lower case letters describe the state of the input 
(or output) one set-up time prior to the Low-to- 
High clock transition. 


The 93H72 has three modes of operation. The active ed D flip-flops. With E Low and the Shift input High, 
~ Low Enable (E) input and Shift Select (S) input deter- the device acts as a 4-bit shift register with serial data 

mine the mode of the register. A high on the E input entry through the D input. 

overrides the Shift Select causing the register flip-flops | 

to retain information. When the Enable is Low, the The logic operation performed is determined by the 

shift control operates the register in a shift right or logic levels on the D,P and S inputs one set-up time prior 

parallel data entry mode. to the rising edge of the clock (non-ones catching). 

There is no other restriction on the activity of these 

When the Enable and Shift control inputs are both Low, inputs. The active Low Master Reset overrides all inputs 

the parallel inputs are selected and determine the next and clears the register, forcing outputs Qo.3 Low 

condition of the register synchronously with the clock. and Q.3 High. 


In this mode the element appears as four common clock- 


The 93H72 4-bit shift register is similar to the 9300, but the The 9300 (or 93L00, 93HOO) should be used when serial JK 
JK shift inputs on the 9300 are replaced with a single D-type input flexibility is required or when speed or reduced power 
input on the 93H72. The 93H72 also has an active Low consumption indicate the use of a low power or high speed 
Enable with its associated ‘‘do nothing’’ mode. This active 9300. An Enable can be incorporated on the 9300 version 
Low enable overrides all register operations except Reset and in shift applications by sacrificing parallel data entry and 
provides synchronous start and stop as well as shift and externally connecting the register output to the parallel 
parallel load control. The active Low polarity of the Enable inputs allowing data to recirculate as shown earlier. (There 
is compatible with other MSI devices such as decoders, are similarities between the 8270/71 and the 93H/72. How- 
allowing easy register selection in multiple register systems. ever, the 8270/71 have overriding shift and the 93H72 has 
The 93H72 can be used in all parallel/serial data transfer overriding disable. In addition, the 93H72 uses the more 
applications where the Low Enable with its associated hold conventional clock polarity while the 8270/71 change on 
mode is required. High-to-Low clock transition.) 
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9391/5491, 7491 8-BIT SHIFT REGISTER 


DESCRIPTION AND OPERATION 


LEADS 


LOADING 


P Data Inputs 
CP Clock Input 1 UL 
Q7, Q7 Data Output 10 UL 


The 9391/5491, 7491 is a serial-in, serial-out 8-bit 
shift register for serial storage applications. The 9391 
has eight R-S master/slave flip-flops, input gating and 
a clock driver. The register is capable of storing and 
transferring data at clock rates up to 18 MHz. The input 
to the first bit of the shift register is formed by 2-input 
AND gating. Drive for the internal common clock line 
is provided by an inverting clock driver. Each of the 
inputs (A, B, and CP) appears as only one TTL input 
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CHARACTERISTICS 


SHIFT FREQUENCY 18 MHz 

POWER DISSIPATION 175 mW 

PACKAGE 14-Lead DIP or 
Flatpak 


th = bit time before clock 


th + 8 = bit time after 
8 clock pulses 


Q7 
OUTPUT 


Q7 


load, and the output has 10 unit load drive capability. 
The AND gating facilitates data entry as shown in the 
truth table. This circuit shifts information to the out- 
put on the positive-going edge of an input clock pulse, 
making this shift register fully compatible with other 
MSI functions. Data must be present prior to the pos- 
itive edge. The 9391 is an alternative to the 9328 
when only eight bits of serial storage are required and 
a Master Reset is not needed. 


9394/5494, 7494 4-BIT SHIFT REGISTER 


DESCRIPTION AND OPERATION 


LOADING 


Preset ®nputs 


PL, Preset 1 Input 4 UL 
PL»5 Preset 2 Input | 4 UL 
Ds Serial Data Inputs 1 UL 
CP Clock Input | 1 UL 
CL Clear Input 1 UL 
Qn Serial Data Output 10 UL 


CHARACTERISTICS 


CLOCK FREQUENCY 15 MHz 
PROPAGATION DELAY (CP to Qp) | 25 ns 
POWER DISSIPATION 175 mW 
PACKAGE 16-Lead DIP 


PLo 
Ds 


cP CL 


O Pia P2A9 


PL20 
(PRESET 2) 


PL1O 
(PRESET 1) 


Ds O 
(SERIAL INPUT) 


CP (CLOCK) © 


CL (CLEAR) O 


The 9394 is a 4-bit shift register with serial and parallel 
(ones transfer) data entry. To facilitate parallel ones 
transfer from two sources, two parallel load inputs with 
associated parallel data inputs are provided. To accom- 
modate these extra inputs only the output of the last 
stage is available. The asynchronous clear is active High; 
most MSI elements have active Low. 


Four flip-flops are connected so that shifting is synchron- 
ous; they change state when the clock goes from Low to 
High. Data is accepted at the serial D input prior to this 
clock transition. The two parallel load inputs and pa- 
rallel data inputs allow a non-synchronous ones trans- 


The 9394 can be used in parallel-to-serial conversions where 
four bits of parallel data from either of two sources must be 
converted to serial. However, the ones transfer form of par- 
allel entry is cumbersome for data entry since zeros must be 
present in the register. This requires either asynchronously 
resetting the register or clearing it through the serial input. 


PL, PIAP2aP1B P2BPic Pac P1p Pap 


9394/5494, 7494 
4-BIT SHIFT REGISTER 


OPiB P28? 
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Qp 


PRESETS 


—s 


OPic Pac O Pip P2ap9 


Qp 
(OUTPUT) 


fer from two sources. The flip-flops can be set indepen- 
dently to the one state when the appropriate parallel 
input is activated. Preset inputs P;, through P4p 
are activated during the time the PL, is High and Pre- 
set inputs Py, through P1p are activated when PL 
is High. If both sets of inputs are activated, a one on 
either input will set the flip-flops to a one. The register 
should not be clocked while the Preset Enables are 
activated. The active High Clear will override the clock 
and clear the register. The Preset Enable and active 
Preset input will override the clear if both are activated 
simultaneously. However, for predictable operation 
both signals should not be deactivated simultaneously. 


Once the register is initialized, parallel data can be preset into 
the register. Connecting the serial input Low as the informa- 
tion is shifted out shifts in zeros toclear the registers. The reg- 
ister must not be clocked while loading. Despite these minor 
inconveniences, the asynchronous parallel data entry is use- 
ful when an extra clock pulse for parallel load is impractical. 


9395/5495, 7495 4-BIT SHIFT REGISTER 


DESCRIPTION AND OPERATION 


PE (PARALLEL 
ENABLE) 


re: 
Po 


Py 


LEADS LOADING CHARACTERISTICS 
CP Clock 1 Input CLOCK FREQUENCY 31 MHz 
CP2 Clock 2 Input 1 UL PROPAGATION DELAY (CP to Q) 25 ns 
PE Parallel Entry 2 UL POWER DISSIPATION 250 mW 
Po, Py, Po, P3 | Parallel Data Inputs 1 UL PACKAGE 14-Lead DIP 
Qo, Q1, Az, Q3| Parallel Data Outputs 10 UL 
Ds Serial Data Input 1 UL 
pe PE Po Py P2 P3 
OFCP2 9395/7495 
= Qo Q1 Q2 QZ 
OUTPUTS 
oe Qo Qy Q2 Q3 
CP 1 
a i 
CP2 
(CLOCK 2) 
S Q3 
CLOCK 
R 
Dg (SERIAL : : 
~ — eee 


P92 P3 


The 9395 is a 4-bit shift register which performs syn- 
chronous shift and synchronous parallel data transfers. 
Dual input clocks permit separate clock sources for the 
shift and parallel modes. Register clocking occurs on 
the negative (High-to-Low) transition of the clock’s in- 
put; most MSI elements are Low-to-High. Several reg- 
isters can be connected in series to form an n-bit right- 
shift or left-shift register. This register can also be used 
as a parallel-in, parallel-out storage register with gate 
(mode) control. 


The 9395 is four master/slave flip-flops with AND/OR/ 
INVERT gating to permit serial and parallel operation. 
When a Low level is applied to the PE control input, 
right-shift operation results. When a High level is ap- 
plied, parallel data entry results. The PE control should 
only be changed when both clock inputs are Low. When 
a Low level is applied to the PE control input, the out- 
put of each flip-flop is coupled to the R-S inputs of the 
succeeding flip-flop and right-shift operation is per- 
formed by clocking at the clock 1 input. In this mode, 
serial data is entered at the serial input. Clock 2 and 
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INPUTS 


parallel inputs Pg through Pg are inhibited. When a 
High level is applied to the mode control input, the out- 
puts are decoupled from the succeeding R-S inputs to 
prevent right-shift and the data entry is enabled through 
parallel inputs Pg through P3. This mode permits 
parallel loading of the register, or with external inter- 
connection, shift-left operation. In this mode, shift- 
left can be accomplished by connecting the output of 
each flip-flop to the parallel input of the previous flip- 
flop (Q3 to input Po, etc.), and serial data is entered 
at input P3. 


Clocking for the shift register is accomplished through 
the AND/OR gate, (E) which permits separate clock 
sources to be used for the shift-right and parallel modes. 
If both modes can be clocked from the same source, a 
common clock input may be applied to clock 1 and clock 
2. Information must be present at the R-S inputs of the 
master/slave flip-flops prior to clocking. Transfer of 


information to the outputs occurs when the clock input 


goes from High to Low. 


9395/5495, 7495 4-BIT SHIFT REGISTER 


TRUTH TABLES 


PE Po Py P2,P3 
9395/5495, 7495 
ITR/L 


4- 
SHIFT REGISTER 
Qo Q1 Q2 Q3 


Q3 


q2_ Shift (on CP1) 
q2_ Shift (on CP1) 
p3 Parallel load (on CP2) 


Lower case letters describe the state of the input (or output) 
one set up time prior to the High-to-Low clock transition. 


Shift is activated by clock CP1 
Load is activated by clock CP2 


The 9395 is similar to the 9300 or 93H72 in that parallel 
and serial data operation is synchronous. However, unlike 
the 9300, the 9395 dual active Low clocks provide indepen- 
dent clocking for serial and parallel data entry. Also, the 
mode polarities are reversed with parallel data entry occur- 
ring when the parallel entry line (PE) is High on the 9395, 
_ Low on the 9300. Since the 9395 does have synchronous 
parallel and serial operation, it is as flexible in this respect 
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as the 9300, 93L00 and 93H72, and it can be used in most 
of the applications shown for the 9300. However, mode 
change restrictions, the lack of Master Reset and JK inputs 
and the non-standard clock polarities (outputs change on a 
High-to-Low transition) must be acceptable. In some cases 
the independent clock control for serial and parallel opera- 
tion can be used to advantage. 


9396/5496, 7496 5-BIT SHIFT REGISTER 


DESCRIPTION AND OPERATION 


LEADS 


LOADING 


PL Parallel Load Input 5 UL 
Po, Py, Po, P3, Pq | Parallel Data Inputs TUL 
Ds Serial Data Input 1 UL 
CP Clock Input 1 UL 
MR Master Reset Input 1 UL 
Qo, Q1, Q7, Q3, Qq4| Parallel Data Outputs | 10 UL 


PL 
(PARALLEL 
LOAD) 


DS 
(SERIAL 
INPUT) 


MR 
MASTER 
RESET | 


cP 
(CLOCK) 


The 9396/5496, 7496 is a 5-bit shift register with 
both serial and parallel (ones transfer) data entry. Since 
the 9396 has the output of each stage available as well 
as a D-type serial input and ones transfer inputs on 
each stage, it can be used in 5-bit serial-to-parallel, 
serial-to-serial and some parallel-to-serial data opera- 
tions. 


The 9396 is five master/slave flip-flops connected to 
perform right shift. The flip-flops change state on the 
rising edge of the clock with data accepted at the serial 
D input prior to this clock transition. 


Each flip-flop has asynchronous set inputs allowing them 
to be independently set to a one. The set inputs are con- 


9396/7496 


Po Py P2 P3 Pq 


Qo Q1 Q2 Q3 04 


CHARACTERISTICS 


CLOCK FREQUENCY 15 MHz 
PROPAGATION DELAY (CP to Q) 25 ns 
POWER DISSIPATION 240 mW 
PACKAGE 16-Lead DIP: 


nected through preset enable gating to allow non-syn- 
chronous parallel ones transfer. The flip-flops are in- 
dependently set to the one state when a High logic level 
is present on the parallel input and the preset enable is 
High. The clear can be used to load zeros into the regis- 
ter, since preset inputs cannot force the flip-flops to 
the zero state. The register should not be clocked dur- 
ing the ones transfer operation. Each flip-flop has clear 
inputs connected together to provide reset capability. 
An active Low overrides the clock and clears the register. 
The preset inputs override the clear (forcing the output 
High) if both are activated simultaneously. However, 
for predictable operation, both signals should not be 
deactivated simultaneously. 


The 9396 is the only 5-bit shift register and can be used 
when five bits of information must be handled. In such appli- 
cations, the 9396 is useful not only as a 5-bit shift register but 


also for parallel-to-serial conversion. However, because of the 
ones transfer type parallel entry, the register must be cleared, 
either through the asynchronous reset or serial entry of zeros. 
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Fon, 
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PSP SE OEE. 


MS 


COUNTER SELECTION GUIDE 


A — Asynchronous 
S — Synchronous 


Parallel 
Function Device Load 


Asynchronous 9390, 7490 2 x 5 (10) 
9350 2 x 5 (10) 

| 9391, 7492 2 x 6 (12) 
9393, 7493 2 x 8 (16) 

9356 2x 8 (16) 

93176, 74176 | 2 x 5(10) 

93177, 74177 | 2x 8(16) 

93196, 74196 | 2x 5 (10) 

93197, 74197 | 2x 8(16) 


Semisynchronous | 9305 2 x 5,6,7,8 
(10,12,14,16) 

93S05 2 x 5,6,7,8 
(10,12,14,16) 


Max. 
Clock Rate, 
MHz 


Clock to 
Q Output 


Clock 
Transition 


Sar AnH] 4 rere 


10 (presettable) 
10 (presettable) 
10 (presettable) 
16 (presettable) 
16 (presettable) 
16 (presettable) 


9360,74192 
9366, 74193 
93190, 74190 
93191, 74191 


10 (presettable) 
16 (presettable) 
10 (presettable) 
16 (presettable) 
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COUNTERS 


INTRODUCTION 
Integrated circuits are used in a wide variety of counting 


applications in scientific instruments, industrial controls, 


computers and communications equipment as well as many 
other areas. Fairchild offers a large selection of MSI counter 
circuits, differing in complexity, functional versatility, speed, 
power and cost. 


All of these MSI counter circuits consist of four master/slave 
flip-flops plus the necessary gating. With the exception of 
the 9392, they all normally count in a binary weighted code 
(binary or BCD) and they all have their four data bits brought 
out in parallel. 


The counter selection guide includes the major parameters 
of all Fairchild MSI counters presently available. The coun- 
ters are listed in order of complexity and cost. However, the 
lowest cost counter does not necessarily ensure the lowest 
cost system. The versatility of the more complex counters 
can often save external controls and buffer circuits, thus 
optimizing both system performance and cost. 


ASYNCHRONOUS AND SEMISYNCHRONOUS 
COUNTERS WITHOUT PARALLEL LOAD 


9390/7490, 9392/7492, 9393/7493 


The simplest MSI counter is the 9390/7490. It is two 
separate counters, (a toggling flip-flop and a 3-stage mod- 
‘ulo 5 counter) with separate Clock inputs and common Clear 
and Preset. For BCD (1248) counting, the output of the first 
Stage is used as a clock input to the 3-stage counter. For 
biquinary counting, (50% duty cycle), the two counters are 
connected the opposite way with the modulo 5 counter feed- 
ing the modulo 2 counter. Asynchronous reset is provided 


through a 2-input AND gate (active High). Asynchronous 
preset to nine (preset first and last stage, clear the two center 
ones) is provided through another 2-input AND gate. The 
9392/7492 is similar, but the second section divides by six. 
Therefore, the whole counter divides by 12. There is no Pre- 
set input. The 9393/7493 is the same, but its second section 
divides by eight, also with no Preset. 


OTCPQ = =9390/7490 VYECPQ 9393/7493 


O CP4 C) CP 
Ro Qo Q; Q2 Q3 Ro 


Qo Q1 Q2 Q3 


These counters have been available for several years. They 
are used in simple counting and frequency division appli- 
cations when the improved features of more complex coun- 
ters are not necessary, and when the application can tolerate 
the non-standard clock polarity (outputs change on the High- 
to-Low clock transition), the high clock loading (up to four 
unit loads) and the non-standard leads (Vcc lead 5, ground 
lead 10). Since these are ripple counters there is consider- 
able delay between the clock and the change of the last flip- 
flop, particularly when several counters are cascaded. De- 
coding these counters thus generates glitches or spikes 
which can be minimized by using synchronous counters. 


COUNTERS 


9350, 9356 


MS 
—Oj] CPo 


UF CPo 9356 
>, BINARY COUNTER 


9350 


DECADE COUNTER 
OF CP; 


MR Qo Q4 Q2 Q3 Qo Q1 Q2 Q3 


The 9350 is the same circuit as the 9390/7490 and the 
-9356 is the same circuit as the 9393/7493 but with differ- 
ent connections. The power leads have been moved to the cor- 
ners by rotating the chip inside the package. This is consistent 
with most TTL and MSI circuits simplifying PC board layout. 


9305, 93S05 


MS So S$] 
CP9 9305 Q3 
VAR MOD 


CP, COUNTER 
MR Qg Qg Q1 A2 QZ 


The 9305 Variable Modulo Counter is basically in the same 
category as the counters previously mentioned but is con- 
siderably more flexible, versatile and easier to use. 


The 9305 has two separate counters, a toggling stage and 
a 3-stage counter with separate Clock inputs and common 
asynchronous Clear and Preset inputs. This device can sub- 
stitute for the 9390/7490, 9392/7492, 9393/7493, 9350 
and 9356. It also offers the following advantages. 


@® The 3-stage counter is synchronous, meaning less ripple 
delay and easier decoding. 


@® The 3-stage counter can be wired to divide by five, six, 
seven, or eight. Moreover, the Select inputs can be con- 
trolled by external gating to divide by any factor — even 
prime numbers. The applications section shows how two 
9305s and one gate package can divide by any number 
up to 128 and by any even number up to 256. 


@® Both polarities of the first and last flip-flop outputs are 
brought out, simplifying systems design. 


@ The clock inputs are buffered, representing only one unit 
load. The polarity on the clock input is consistent with 
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all other MSI sequential circuits (outputs change on the 
Low-to-High clock transition). 


@ Vcc and ground are on corner leads, consistent with 
most TTL and MSI circuits and simplifying PC board 
layout. 


The 9305 is useful for counting or frequency division by a 
fixed number. It is faster with less ripple delay than the 
9390/7490 and 9350 family counters, making decoding 
somewhat easier. 


SYNCHRONOUS COUNTERS WITH SYNCHRONOUS 
PARALLEL LOAD 


9310, 9316, 93L10, 93L16, 93810, 93816 


PE Po Py P2 P3 
aa 9310 UP 


PE Po Py P2 P3 


9316 UP 
BINARY TC 
COUNTER 


MR Qo Q1 Q2 Q3 


CET DECADE TC 
COUNTER 


MR Q9 Q1 Q2 Q3 


The 9310 (BCD) and 9316 (binary) counters offer synchro- 
nous counting and synchronous parallel load. Any change of 
any flip-flop is controlled by the Low-to-High transition of the 
incoming clock. When the PE (active Low Parallel Enable) 
input is High and the Count Enable inputs are High, the clock 
causes the counter to increment. When the PE input is Low, 
the clock causes the four flip-flops to assume the state of the 
respective parallel input. Maximum counting frequency is 
comparable to the 9305, but the delay between the clock 
edge and any output change is typically only 15 ns, which is 
much faster than in the asynchronous (ripple) counters des- 
cribed above. Moreover, this synchronous operation can be 
extended up to 11 packages (44 bits) without additional com- 
ponents by proper use of the decoded Terminal Count (TC) 
output and the Count Enable inputs. 


These counters are ideally suited for operation in synchro- 
nous systems. The synchronous parallel load and decoded 
terminal count make the design of arbitrarily presettable 
counters easy and free of any race conditions. The synchro- 
nous data inputs can be interconnected in such a way that 
the counter operates either as a shift register or counter con- 
trolled by the PE input. Data can be shifted out for a multi- 
plexed display. 


SYNCHRONOUS UP-DOWN COUNTERS 


The counters already mentioned are unidirectional, counting 
up. Some applications require down counters, but often the 
design can be modified to use an up counter instead, e.g. 
by complementing the parallel input signals. In some cases, 
particularly in industrial applications, counters that count 
both up and down are needed. 


COUNTERS 


9360, 9366 


Po. Py. PorPs 
TCy 


Poo Py Po PS 
CPy TCy R-— 
9366/74193 

TC 


9360/°74192 


Qo QO; Q2 Q3 


Qo Q;1 Q2 Q3 


The simplest bidirectional counters are the 9360/74192 
(BCD decade) and 9366/74193 (binary) synchronous up/ 
down counters with non-synchronous parallel data entry. 
These counters change state on the Low-to-High transition of 
either clock. Therefore, both clocks should not be Low simul- 
taneously. Terminal Count Up (code 9 for BCD, code 15 
for binary) and Terminal Count Down (code O for both count- 
ers) are decoded and brought out as active Low signals. This 
allows simple cascading of counters but results in a ripple 
delay of about 20 ns between counters. 


The parallel data entry on these counters is non-synchronous, 
(independent of the clock), activated only by the active Low 
Parallel Load line. This can be an advantage since no clock 
pulse is required for loading the counter, but parallel load 
must be timed more carefully than in a synchronous scheme. 


COUNTING WITH SHIFT REGISTERS 


The MSI devices mentioned so far are designed as counters 
and are best suited for most counting applications. There are, 
however, cases where unconventional counting methods 
are more practical and economical. 


Joinnson (Moebius) Counters 


The twisted-ring (Johnson or Moebius) shift register counter 
offers simple and glitch-free decoding with 2-input NAND 
gates. It uses n shift register stages for counting modulo 2n, 
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therefore it is economical only for small values of n. The 
applications section shows the 9300 universal 4-bit shift 
register used as modulo 6 and 8 Johnson counters. 


Linear Feedback Shift Register Counters 


By applying a more sophisticated feedback, the 9300 can 
be used to count by any number up to 16, to count up and 
down and can easily be programmed, (e.g., aS a program- 
mable divider for a frequency synthesizer). Using the 9300 
as a counter can offer two advantages. It reduces the number 
of parts required, and it can decrease component cost. 


Serial Incrementers and Decrementers 


In serial incrementer/decrementer systems the functions of 
data storage and arithmetic operation, normally combined 
in MSI counters, are completely separated. Data storage is 
performed in the least expensive way by shift registers (in 
extreme cases by long MOS shift registers). The arithmetic 
operation is performed by a carry flip-flop and by adders 
(four bits parallel) or one exclusive-OR (bit serial). 


Serial tncrementers are inherently slow, incrementing by one 
unit for a complete circular data shift. However, they offer 
several advantages. 


@ They canbe easily gated to increment or decrement, result- 
ing in up/down counters. 


@ Their modulo is easily controlled, simplifying the design 
of mixed modulo counters such as those for timers 
(seconds, minutes, hours, days). 


@ They combine naturally with display multiplexers result- 
ing in economical display counters. The applications 
section includes a decimal 8-digit up/down counter with 
LED display and a digital stopwatch (milliseconds to hours) 
employing this technique. 


9305 VARIABLE MODULO COUNTER 


DESCRIPTION 


LEADS LOADING 


Select Inputs 1 UL 


CPo First Stage Clock (Active High Going Edge) Input 1 UL 
CP. Three Stage Clock (Active High Going Edge) Input | 1 UL 
MS Master Set (Active Low) Input 1 UL 
MR Master Reset (Active Low) Input. 1 UL 
HIGH STATE LOW STATE 
Qo First Stage Output 8 UL 
Qo Complementary First Stage Output 8 UL 
Q4, Q9, Q3} Three Stage Counter Outputs 8 UL 
Q3 Complementary Last Stage Output 10 UL 
ve So. Sq 
CPo 9305  Q3 jo— 
VAR MOD 
CP, COUNTER 
MR Qo Qo Q) Q2 QZ 
FREQUENCY ODD 
COUNTING MODES DIVISION MODES DIVISION MODES 
Without Additional |(With 50% Duty Cycle) With Additonal 
Logic Without Additonal Logic 
Logic 
2 Modulo Modulo 11 
4 13 
5 15 
6 
7 
8 
10(1248 BCD) 
12 
The 9305 variable modulo counter is designed to serve in the design of difficult divide functions and divide/count 
many counting and dividing applications in a digital functions economically both in terms of cost and logic 
system. The 9305 is an extremely versatile device, offer- required. The versatility of the 9305 is obvious from 
ing standard counter modes such as those tabulated the many operational modes listed. The logic symbol, 
without additional logic. In addition, the 9305 allows lead functions and loading rules are shown. 
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9305 VARIABLE MODULO COUNTER 


OPERATION 


So 
S; - 


CPo © 


STATE TABLE FOR 
PROGRAMMABLE ° 
THREE STAGE ee 
COUNTER 


Q2 Q3 


ed Gea. See 


The 9305 is four RS master/slave flip-flops. The four 
flip-flops are separated into two functional units, a single 
toggle stage (first flip-flop) and a 3-stage programmable 
synchronous binary counter (2nd, 3rd and 4th flip-flops). 
A clock buffer drives the first RS flip-flop toggle stage 
and a second clock buffer drives the three RS flip-flops 
in parallel to obtain 3-stage synchronous operation. 


This sequence of events defines the operation of the 
master/ slave flip-flops relative to the clock input. When 
the Clock input (CP) is Low the slave is steady, but data 
can enter the master via the R andthe S inputs. During 
the Low-to-High transition of CP, the data inputs (R and 
S) are inhibited so that a later change in the input data 
does not affect the master, and the information trapped 
in the master is transferred to the slave and appears at 
the outputs. When the transfer is completed, both the 
master and the slave are steady as long as the Clock 
input remains High, regardless of any other logic input 
except Master Reset (MR) and Master Set (MS). During 
the High-to-Low clock transition, the transfer path 
from master to slave is inhibited leaving the slave steady 
in its present state, and the data inputs (R and S) are 
enabled permitting new data to enter the master. 


The first stage RS flip-flop is cross-coupled to provide a 
toggle stage. The RS flip-flops of the 3-stage counter 
are connected for synchronous binary counting. The 
synchronous AND reset with inputs Sg, S1 and output 
Q3 controls the modulo of the 3-stage counter by 
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synchronously resetting all three flip-flops to zero when 
all inputs are High. One input of this gate is fed internally 
from the last counter output (Q3) and prevents the 
counter from being synchronously reset before five 
binary states have occurred. Therefore, the count 
modulo depends on the programming connections made 
to these two inputs (So,S4). For example, if the So 
input is connected to the Q»9 output and the Sq input is 
connected to the Q, output (or vice versa), the counter 
will count until Q1, Qg, and Q3 are all High and then 
reset to zero synchronously with the clock to produce a 
modulo eight binary counter. 


The complement output as well as the true output are 
available on the first toggle stage and last stage of the 3- 
stage counter. These complement outputs allow binary 
ripple clocking on the correct transition when the first 
toggle stage and 3-stage counter are connected together 
and/or are cascaded. The asynchronous Set and Reset 
are connected through noninverting buffers to the ap- 
propriate Set Direct and Clear Direct inputs of all four 
flip-flops. 


All inputs are buffered presenting only one unit load to 
the driving logic. Also, all the outputs have a high drive 
Capability of at least eight unit loads. Both the low fan in 
and high fan out of the 9305 reduce the package count of 
a digital system (fewer external buffers are required) and 
improve performance (fewer buffers, less delay). 


9305 VARIABLE MODULO COUNTER 


SYNCHRONOUS BINARY COUNT 


MS So $1 
CPo 9305 Q3 

VAR MOD 

cp, COUNTER 


MR Qo Qo Q) Q2 Q3 


MS So $1 

CP 9305 Q3 
VAR MOD 

CP, COUNTER 


MR Qo Qg Q1 Q2 Q3 


MS So Sy 
CP 9305 Q3 
VAR MOD 

CP; COUNTER 


MR Qo Qo Q1 Q2 Q3 


MS So S1 
CPo 9305 Q3 
VAR MOD 

cP, COUNTER 


MR Qo Qo Q; Q?2 Q3 


These connections provide the most convenient and most 
appropriate method of terminating unused Select inputs. 


The 3-stage counter is programmed with external counting by the last three stages and modulo 2 operation 


connections as shown providing synchronous binary by the first stage. Simultaneous frequency divisions of 
count modulo five, six, seven, or eight. The programming two, four and eight are available from the 3-stage 
of the three stages is independent of the toggle stage, counter when programmed to divide by eight. 


and the basic configuration allows synchronous binary 


STANDARD 4-BIT COUNTER CONFIGURATIONS 


MODULO 10 COUNTER (BCD 1248 DECADE) 


Count Sequence 


MS Sq S 0] 0 0 
ee ae eae RET ac OE ee pe OO ge pe 1 0 0 0 
= ne Po ee: 
MR Qg Q9Q; Q2 03 m1 3 o 7 ; 
ee eee 1 0 1 0 
; a es eae ee 6) 1 1 6) 
3 1 1 1 0) 
O O 0) 1 
1 0 0 1 


MODULO 12 COUNTER 


Count Sequence 


“MS So S14 


CPg —--9305 Q3 
VAR MOD 
cP, COUNTER 


MR Qo Qo Q3 Q2 Q3 


CLOCK 
INPUT 


OoOo0037-+-—-0000 
~m—--O0000000 


Count Sequence 


MODULO 16 DIVIDER (4-BiT BINARY) 


MS So 31 
CPo 9305 Q3 
VAR MOD 

CPy COUNTER 


MR Qo Qo Q; Q2 3 


CLOCK 
INPUT 


O 
1 
¢) 
1 
8) 
1 
6) 
1 
1) 
1 
O 
1 
0) 
1 
O 
1 


--00--00-=-00—-=-00 
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9305 VARIABLE MODULO COUNTER 


50% DUTY CYCLE OUTPUT DIVIDERS 


MODULO 10 DIVIDER, 50% DUTY CYCLE OUTPUT 


O 
MS So 81 
CPo 9305 Q3 40 
VAR MOD 
cP; COUNTER 
MR Qo 09Q4 Q2 QZ 
O Q 


OUTPUT 


fiN 


oo FLELPU UU UU UU ud 
OW ee 
poste Gal: ay Le bay 
pee feet ete 
ce] manne ee suit [Pecan eeeeeemrers) iy LEaeme 


Count Sequence 


0 
O 
O 
6) 
O 
1 
1 
1 
1 
1 


o-7--0O00-+-00 
-O000-0000 


MODULO 12 DIVIDER, 50% DUTY CYCLE OUTPUT 


fin CP; COUNTER 
MR Qo QoQ) Q?2 QZ 
O 


OUTPUT 


A 4-stage divider with 50% duty cycle output is produced 
by feeding the incoming clock to the 3-stage counter and 
clocking the single toggle stage with the Q3 output. 
Divider configurations of modulo 10 and 12 are illus- 
trated. Modulo 16 division with 50% duty cycle is ob- 
tained from the Q3 output of the modulo 16 binary 
counter. In either the binary or 50% divison mode the 
modulo (10, 12, 14 or 16) is determined only by the 
external programming connections for the 3-stage 


ASYNCHRONOUS MODE 


Count Sequence 


rr lolololorere) 


--0000--0000 


O 
O 
1 
1 
O 
0 
) 
0 
1 
1 
) 
6) 


counter. These 4-stage counters or dividers are not fully 
synchronous (Semisynchronous) but have only one flip- 
flop ripple delay in any of these configurations. This 
flip-flop delay compares favorably with the more typical 
ripple delay of three in other counters, thus allowing 
higher operating speeds when counter states must be 
decoded. Also, 4-bit dividers with odd divide modulo 
can be formed with a few extra gates, illustrated later 
in 4-bit modulo dividers. 


*As determined by programming connections. 


The Master Set and Reset asynchronously sets or resets 
all four stages when activated. The active Low Reset in- 
put, when Low, clears the counter overriding the clock 
and forcing the outputs Qg.3 Low and outputs Qo and 03 
High. The active Low Set input, when Low, presets the 
counter overriding the clock and forcing the outputs 


3-9 


Qg.3 High and outputs Qo and Q3 Low. The Master 
Set provides a synchronous clear, since the first clock 
pulse following the asynchronous Master Set resets all 
stages. This action is independent of the modulo pro- 
grammed. 


9305 VARIABLE MODULO COUNTER APPLICATIONS 


MULTISTAGE COUNTERS/DIVIDERS 


CP, COUNTER 
MR Qo Qg Q1 Q2 QZ 


MASTER RESET 


Variable Modulo 9305 counters can be connected 
together without additional logic to form ripple-type 
multistage counters or dividers. This is accomplished by 
connecting the active Low Q3 or Qo output of the less 
significant counter to the Clock input of the following 
counter. The more significant counter is clocked when 
the less significant counter changes from its terminal 
count value to zero. 


The ripple multistage counter formed with the 9305s has 


COUNT MODULO CONTROL 


BETWEEN 5 AND 6 


MS So 8} 
CPQ 9305 Q3 
VAR MOD 

cp, COUNTER 


MR Qo Qo Q) Q2 QZ 


INPUT INPUT 


1/4 9002 


+6 ENABLE 


1/6 9016 


BETWEEN 6 AND 8 


MS 


MS So $4 


CP 9305 Q3 
VAR MOD 
cP, COUNTER 


MR Qo Qo Q1 Q2 Q3 


INPUT INPUT 


+ 8 ENABLE 


1/6 9016 


The count of the 9305 can be controlled with additional 
gating logic. This logic is inserted between the ap- 
propriate counter output(s) and the Select inputs, and 
controls the programmable 3-stage counter reset times. 
The amount of logic required depends on the number of 
different counts desired. Control between two counting 
levels is all that most applications require, although con- 


CP, COUNTER 
MR Qo Qo OQ; Q2 A3 


BETWEEN 5 AND 7 


CP COUNTER 
MR Qo QQgQ) Q?2 QZ 


BETWEEN 5 AND 8 


So $1 


CPo 9305 
VAR MOD 
CP COUNTER 


MR Qo Qo Q; Q2 QZ 


CP COUNTER 
MR Qg Qo Q1 Q2 QZ 


TO MORE 
SIGNIFICANT 
COUNTERS 


less ripple delay than conventional ripple counters, 
because it has only two ripple delay per four bits. The 
number of ripple delays for a typical 16-bit ripple binary 
counter would be 15, while a 16-bit counter composed of 
9305s would have only seven ripple delays. In certain 
applications, the large ripple delay of conventional 
integrated 4-bit counters might dictate fully synchronous 
operation using more expensive counters. 


BETWEEN 6 AND 7 


CPy COUNTER 
MR Qo Qo Q1 Ap O3 


INPUT 


+7 ENABLE 


BETWEEN 7 AND 8 


MS So $1 


CPo 9305 Q3 
VAR MOD 
CPy COUNTER 


MR Qo Qo Q}3 Q2 Q3 


Q3 


INPUT 


1/4 9002 174 9002 


+8 ENABLE +8 ENABLE 


1/4 9002 1/6 9016 


trol between three or four distinct counting levels would 
be possible with additional logic. Such controllable 
modulo configurations can be used with the first stage or 
‘can be cascaded to produce counters and dividers with 
two or more count bases. These controllable con- 
figurations are the basis of odd modulo and multistage 
dividers. 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 


ODD MODULO DIVIDERS 


MODULO 11 


MS So S41 
CPo 9305 S 
VAR MOD 

CP COUNTER 
MR Qo OQ9Q0; Q2 Q3 
O 0 


FREQ. INPUT 


1/4 9002 
OUTPUT 


MODULO 13 


CPy COUNTER 
MR Qo Qo Q; Q2 O3 
OO 


FREQ. INPUT 


1/6 9016 


OUTPUT 


MODULO 15 


© hea 
MS So $1 
CP9 9305 Q3 fo 
VAR MOD 
CP, COUNTER 
MR Qg Qo Q) Q?2 Q3 
“2 O 


1/6 9016 


FREQ. INPUT 


1/4 9002 


53.3% DUTY CYCLE 
OUTPUT 


Odd modulo dividers use one of the several logic con- 
trollable counter configurations. The single toggle stage, 
3-stage counter or other combinations of other 9305 
counters are used to control the modulo and simul- 
taneously divide the output of the controllable counter. 


Illustrated are some 4-bit odd modulo dividers; modulo 
11, modulo 13 and modulo I5. Each of these 4-bit di- 
viders is easily implemented by adding two gates, or 
one gate and an inverter, to a single 9305. The first 
single stage in all of these dividers is clocked by the 3- 
stage counter and alternately switches the 3-stage 
counter’s modulo between the upper and lower modulo 
The incoming clock is applied to the clock of the 3-stage 
counter, and the output is taken from the first stage. The 
output obtained for these 4-bit modulo counters is near - 
ly 50% duty cycle. Full count speed is maintained since 
the control logic is not in a critical path. The first stage 
changes states (clocked) after the terminal state of the 
3-stage counter, which is at least four states before the 
inputs to the select gates must be present and stable. 


TWO 9305s AND ONE GATE PACKAGE PROVIDE 
172 DIFFERENT DIVIDE RATES 


MS So $1 
CPo 9305 Q3 


| VAR MOD 
CP, COUNTER 


MR Qo Qo Q1 G2 AZ 
OO 


N3 No Ny 


MS So S$} 
CP9 9305 Q13)0 

VAR MOD 
CP, COUNTER 


MRQ49 0190171042013 


MS So S1 


CPo 9305 Q3 
Pa VAR MOD 
cp, COUNTER 


MR Qo Qg Q; Q2 QZ 
O QO 


N3 No Ny 


oe 
MS So S$} 
CP 9305 Q1310 


VAR MOD 
CPy COUNTER 


MR Q19291001104 2013 


CPo 9305 Q13]0 
VAR MOD 
CP, COUNTER 


MR Q1001900110142013 


MS So Sq 


CPo 9305 Q3 
ial VAR MOD 
CP, COUNTER 


MR Qg Q0Q]1 Q2 Q3 
O O 


N3 No Ny 
D 
MS Sq Sq MS So 
CPo 9305 Q1340 


CP9 9305 Q3 
& VAR MOD 
cP, COUNTER 


Pp 
MR Qo Qo Q1 Q2 Q3 
ome 


VAR MOD 
cp, COUNTER 


MRQ1900190011012013 


N3 No Ny 


MS So S}1 MS So $1 , 
CPo 9305 Q13 10 


CPo 9305 Q3 
Lal VAR MOD 
CP, COUNTER 


MR Qo Qo Q; Q2 3 
OO 


VAR MOD 
CP COUNTER 


MR Q79010011012013 


N3 N2 
@ 
MS So S81 MS $10 S11 
CP9 9305 Q3 CPo 9305 0Q13/0 


VAR MOD 
CPy COUNTER 


MR Qg Q9Q1 Q2 Q3 


VAR MOD 
CP, COUNTER 


MR Q1901901 1012043 


The 9305 variable modulo counter is particularly suited 
for low cost frequency dividers or counters that count by 
any fixed number, even primes. Division by any odd 
number from 21 to 127 and by any even number from 
128 to 256 is possible with only two 9305 counters and 
one gate package. Six basic counter configurations are 
shown and the table lists the additional interconnections 


required for each division rate. 


9305 VARIABLE MODULO COUNTER APPLICATIONS 


172 DIFFERENT DIVIDE RATE INTERCONNECTIONS 


/Ni/N2|N3|cc INTERCONNECTION ALGORITHM 
$1 


21=3x5+1x6 


22=2x5+2x6 
2 


8 

NO 

Za 
> 


3=1x5+3x6 
24=4x6 


N 
its) 


32=4x8 


" 70 


Q1 
3 74 Q12 So 


36=6x6 


37=3x7+2x8 


*CC = COUNTER CONFIGURATION 


35=5x7 


Ny] N2/N3|cc* INTERCONNECTION ALGORITHM 


41=1x5+6x6 


42=7x6 


43=3x5+4x7 


Q2 
43 172 — D : Yo 
. $1 


So Q2 

25 ey 2b Oe 88 1176] C |s- So 
Q1-S, 

Q4 s 
26 | 52 : ° }26=4x5+1x6 
13 Ss] 

Q1 So 
27 te ve | 4 yet 27=3x5+2x6 
$1 
28 112] A oe 28=4x7 


44=2x6+4x8 
45=3x7+3x8 
46=2x7+4x8 
47=1x5+6x7 
sash 48=6x8 


49=7x7 


50=3x6+4x8 


Se 
zs 
cS) 


LACSEA ERES EAE CATERED 
| | | 


51=5x7+2x8 


52 52=4x7+3x8 


NO 
© 
ie) 


53 212 53=3x7+4x8 


on 
rs 


216 =1x6+6x8 


220 55=1x7+6x8 
224 


56=7x8 


228 57=7x7+1x8 


232 


9305 VARIABLE MODULO COUNTER APPLICATIONS 


172 DIFFERENT DIVIDE RATE INTERCONNECTIONS 


Na |N2]N3|CC* INTERCONNECTION ALGORITHM 
Q1 


59=5x7+3x8 


60=4x7+4x8 


61=3x7+5x8 


62=2x7+6x8 


"J63=1x7+7x8 


65=13x5 


67 


— 
NO 
© 
| 3 | Si 
oO 
Oo 


134 67=5x5+7x6 


138 69=3x5+9x6 
71 


71=9x7+1x8 


73=7x7+3x8 


So Q11 
Q3 + 
S; Q10 $10 


Q12-S11 


75 


76 =15x5 


77=1x5+9x8 


79=1x7+9x8 


81=5x5+7x8 


83=1x5+13x6 


85=11x7+1x8 


87=9x5+7x6 
89=7x7+5x8 


*CC = COUNTER CONFIGURATION 


ALGORITHM 


91=5x7+7x8 


93=1x5+11x8 
95 =1x7+11x8 
97=5x5+9x8 
99=13x7+1x8 
101=11x7+3x8 
103 =9x7+5x8 
210 


105 105 =7x7+7x8 


oo 


07 


= 
rs 


107 =5x7+9x8 


2 109=3x7+11x8 


—_ 
© 


111=1x7+13x8 


111)222 


—_ 
oh 


3 


NO 
NO 


NO 
io) 
© (2) 


S10 

Q2-S 

So 2-S4 
Q12-S41 


123 =5x7+11x8 


234 


238 


—_ 
NO 


1]242 


— 
oad 
~N 


123/246 


125=1x5+15x8 


1251250 


Ea 


127/254 127=1x7+15x8 


9305 VARIABLE MODULO COUNTER APPLICATIONS 


COUNTER WITH BUILT-IN BOUNCE ELIMINATOR 


MS So S4 

CPo 9305 
VAR MOD 

cP, COUNTER 


MR Qo Qg Q1 Q2 03 


Q3 


e 
COUNT — — —> 


When IC counters are operated by push buttons or 
switches, the unavoidable contact bounce must be sup- 
pressed. Two cross-coupled NAND gates are common- 
ly used to suppress bounce in a type C contact, but they 
are an additional component, increasing size and cost. 


The first stage of a 9305 can be used as a debouncing 
latch. It is a master/slave flip-flop, but when the clock 
input CPo is Low, the master is isolated from the slave 
and Qo and Qo can be used as latch outputs. This 
circuit accepts bouncing contacts and counts modulo 5, 
6, 7, or 8, depending on the Sg and S 4 connections 
to the Q)9 3 outputs. The steady state contact cur- 


rent is negligible (<2 mA), momentary current is 


~~ 50 mA for < 20 ns. 


TWO TYPICAL COUNTERS 


MODULO 50/100/200 DIVIDER 


So S1 
CP9 


9305 Q3 fO 
VAR MOD 
CP, COUNTER 
MR Qg Qo Q1 QZ AZ 
O 9 


MODULO 50/100/200 DIVIDER 


So S$} 
CPo 9305 


Q3 10 
eli VAR MOD 
CPy COUNTER 
MR Qo Qo Q; Q2 QZ 
ae 
J 
i >o 


1/6 9016 


CLOCK 
INPUT 


1/4 9002 


_ Two counter designs based on the information in the 
preceding table are shown. The 50/100/200 modulo 
divider uses a controllable modulo configuration of six 
and eight (first 9305) that clocks a modulo 7 binary 
counter. The control for the modulo 6 or 8 counter is 
taken from the complement of the last stage of the 
modulo 7 counter, which directs the controllable modulo 
counter to divide by six, three times, and by eight, four 
times. The modulo 50 output of the modulo 7 counter is 
divided by the first stage of each 9305 used, providing 
modulo 100 and modulo 200 division. The two toggle 
stages could operate independently if modulo 100 or 
modulo 200 division. were not needed. 


MOD 50 OUTPUT 


MOD 200 OUTPUT 


MOD 100 OUTPUT 


SINGLE/MULTIPLE COUNT ENABLES 


ENABLE 1 


ENABLE 2 


Single or multiple count Enables can be added to the 
9305 with an inverter and a NAND gate. The 9305 will 
not count if any of the count Enables are Low. Changesin 
the Enables should only be made when the clock is High. 


MODULO 45/90/180 DIVIDER 


MS 
CPo 


So $1 y 
9305 Q3 40 


VAR MOD 
CP, COUNTER 
MR Qo Qo Q1 Q2 Q3 
O O 


MOD 45 OUTPUT 


CLOCK 
INPUT 


CP; COUNTER 
MR Qo Qo Q4 Q2 Q3 
O 


MOD 90 OUTPUT 


oe 
ff 1/4 9002 - 


e 
1/6 9016 


MOD 180 OUTPUT 


MODULO 45/90/180 DIVIDER 


In the modulo 45/90/180 divider, the programmable 3- 


‘stage counter of the first 9305 divides by seven and 
eight. This 3-stage counter clocks the 3-stage program- 


mable counter of the second 9305, which divides by six. 
The first stage output of the second 3-stage counter con- 


- trols the seven/eight counter and directs it to divide by 


seven, three times, and by eight, three times. The 
modulo 45 output occurs at the Q3 output of the second 
3-stage counter. As before, the first stages of each 9305 
are used to divide the modulo 45 output further to obtain 
modulo 90 and modulo 180 division. 


9305 VARIABLE MODULO COUNTER APPLICATIONS 


BASIC TV SYNC GENERATORS 


MODULO 525 


So $1 


So S$] 


MS 


So S1 


VERTICAL 
BLANKINGS (21H) 


CPo 9305 Q3 0 CP9 9305 Q3 Bal 9305 Q3 
INPUT fy VAR MOD VAR MOD VAR MOD 
31.50 KHz MR Qg Qo QO) Q2 QZ MR Qo Qo Q) Q2 QZ MR Q9g Q9 Q4 a Q3 be ° og Oo DRIVE (9H) 
. 1/3 9003 
' 1/6 9003 GATINGS FOR 
& p— O——EQUALIZINGS 
PULSES 
i 9003 1/6 9016 e 1/3 9003 
so GATINGS FOR 
> St =] o— vermcat sinc 
SERRATIONS 
1/6 9003 >o 
1/6 9016 
Y & 820 pF 
1/3 9003 HORIZONTAL 
DRIVE (H) 
_L (15.75 KHz) 
HORIZONTAL nM 7 nM n 
CLOCK —---- 
|---| 
VERTICAL 
BLANKING | = ae oe ~ | 
————_-___---—- —_— 
VERTICAL | 9H | 
DRIVE | WAVEFORMS 


GATING 
FOR 


a ae 


PULSES 
GATINGS 


FOR VERTICAL | 


SYNC. SERRATIONS 


EQUALIZING | | | re ae | 


ee ee 


|__________—_— 525 H = 16.67 s+ 


MODULO 625 


MS 


So $1 7 
9305 Q3 IO 


So $1 


CPo 3 CP 9305 
VAR MOD VAR MOD 
CLOCK COUNTER COUNTER 
INPUT ees CP 


MR Qo Qo Q; Q?2 Q3 


MR Qg QgQj Q?2 QZ 


So $1 


9305 
VAR MOD 
COUNTER 


3 Q9 Q90;1 Q2 A 


Q3 


CP 
M 


fin/2 


Two basic TV sync generators are illustrated above. The 
525 divider produces waveforms basic to the American 
EIA standard and the waveforms of the modulo 625 
divider are basic to the European standard. The wave- 
forms of the modulo 525 divider and modulo 625 


divider are the primary timing waveforms. By gating the 
waveforms shown with appropriate equalizing, vertical 
serration and blanking signals, standard sync wave- 
forms can be generated. 


9305 VARIABLE MODULO COUNTER APPLICATIONS 


SYNCHRONOUS COUNTER/SEQUENCER 


INHIBIT 


MS So S81 
CPo 9305 Q3 

VAR MOD 

CPy COUNTER 


MR Qo QoQ) Q?2 Q3 


Ag Ai A2 AZ 
9301 1/10 DECODER 


Og 01 O02 03 O04 O5 0g 07 Og Og 


0 5 612 7 8 3 4 9 
Output Sequence 


Multistage semisynchronous or synchronous dividers 
are possible by simultaneously clocking two or more 
9305 counters that are relative prime (have no common 
factor). This 1-of-10 sequencer uses the 9305 as a 
modulo 10 counter for generation of the decoder ad- 
dress. The 9305 is connected synchronously to mini- 
mize the delay between counter outputs and the corres- 
ponding transients on the decoder outputs. Synchronous 
operation is possible because the modulo of the first 


Count Sequence 


Q3 
0 
fe) 

0 
0 
1 
) 
0 
0 
0 
1 


-O-0-0-0-0 
OrmO-00-0-0 
orm -000--00 


state (two) and the modulo of the 3-stage counter (five) 
are relative prime numbers. Ten unique States are pro- 
duced by clocking the two counters simultaneously. 
The count sequence is also shown. 


The Master Set inhibits the sequencer by setting all! 
counter outputs (Qo 72 3) to one, thus hlanking the 
9301 which does not recognize codes above nine. When 
the Master Set is deactivated, the counter sequences to 
zero synchronously with the next clock. 


A 2-DIGIT BCD RATE MULTIPLIER 


MS So S$] 


CPo 9305 Q3 
VAR MOD 
cP, COUNTER 


MR Qo Qo Q; Q2 23 


MS Sg $4 


CPo 9305 Q3 
VAR MOD 
cP, COUNTER 


MR Qg Qo Q4 Q2 Q3 


1/6 9016 
MOST LEAST 


SIGNIFICANT SIGNIFICANT 
BCD DIGIT BCD DIGIT 


E Ilo 4 lo Ig l4 '5 Ig I7 
0 


OUTPUT 


to the priority encoder, produces a code which gives an 
interlace sampling pattern for rate multiplying BCD 1248 
numbers. 


The 9305 counter can also act as the master counter ina 
BCD rate multiplying scheme. The 9305s are connected 
synchronously because this count sequence, as applied 


9310/93L10 AND 9316/93L16 COUNTERS 


DESCRIPTION 


PE Pg P71 P2 P3 


9310 UP 
CET DECADE TC 
COUNTER 


MR 09 Q; Q2 Q3 


PE Po Py Po P 
CEP ae 
9316 UP 
CET BINARY TC 

COUNTER 
MR Og OQ; Q2 Q3 


LEADS LOADING 
. 9310/9316) 93L10/93L16 


Parallel Enable (Active Low) Input 0.5 UL 

Po, Py, Pa, P3 Parallel Inputs 0.167 UL 
CEP Count Enable Parallel Input 0.25 UL 
CET Count Enable Trickle Input 0.5 UL 
CP Clock (Active High) Going Edge Input 0.5 UL 
MR Master Reset (Active Low) Input 0.25 UL 
Qo, Q14, Q2,Q3 | Parallel Outputs 2 UL 
TC Terminal Count Output 2 UL 


Count Enable = CEP @ CET ® PE 
TC (9310) = CET @Q, @ OQ, © Oy 003 
TC (9316) = CET ® QO) ® Q, © OQ, #0, 


NOTE: PE and MR are active Low inputs, implying that they must be brought to a logic Low level in order to perform the function. Thus, 
data on Po.3 is loaded into Qo.3 by the rising edge of the clock when PE is Low. The counter is asynchronously reset when MR is Low. 


The 9310/93L10 BCD decimal counters and the 9316/ @ Count Enable Parallel (CEP) input and Count Enable : 
93L16 binary hexadecimal counters are multifunction- Trickle (CET) input permitting “enable while count- 
al devices with the following features: ing” in high speed multiple decade counting 


@® Synchronous parallel loading operations 


@ TTL integrated circuitry with active pullups to provide 


@ Asynchronous Master Reset : 
Y high speed with reasonable power consumption 


@ Assertion output from each stage and excellent noise margins 
@ Terminal count activated (High) at count 9 on the @ Input clamp diodes to ground to minimize the effects 
9310/93L10 and at count 15 on the 9316/93L16 of line reflections 


9310/93L10 AND 9316/93L16 COUNTERS 


OPERATION 


Po 


Logic diagrams for the 9310 and 9316 are shown. In 
each circuit, an inverting clock buffer drives the four 
clocked RS master/slave flip-flops in parallel to obtain 
synchronous operation. When the Clock input (CP) is 
Low, the slave is steady, but data can enter the master 
via the R and the S inputs. During the Low-to-High tran- 
sition of the CP, data inputs R and S are inhibited soa 
later change in the input data does not affect the master, 
and the information trapped in the master is transferred 
to the slave and reflected at the outputs. When the 


transfer is completed, both the master and the slave are 
steady as long as the Clock input remains High, 
regardless of any other logic input except MR. During 
the High-to-Low clock transition, the transfer path 
from master to slave is inhibited leaving the slave steady 
in its present state, and the data inputs R and S are 
enabled permitting new data to enter the master. This 
arrangement permits synchronous operation at high 
clock frequencies and simplifies control logic in most 
applications. 


9310/93L10 AND 9316/93L16 COUNTERS 


MODE SELECTION 


CEP CET MODE 


PRESET 
PRESET 
PRESET 
PRESET 
NO CHANGE 
NO CHANGE 
NO CHANGE 
COUNT 


Eee ee ee a 
m 


eae a oe ee he 


Three control inputs — Parallel Enable (PE), Count 
Enable Parallel (CEP) and Count Enable Trickle (CET) — 
select the mode of operation. There are three different 
modes: count, preset and no change. 


Conventional operation of the 9310/9316, as shown 
above, requires that the mode control inputs (PE, CEP, 
CET) are stable while the clock is Low. This is no con- 


straint for a normal synchronous system where all sig- 


nals are generated by the rising edge of the clock. 


For some applications, the designer may want to change 
those inputs while the clock is Low. In this case the 
9310/9316 will behave in a predictable manner. For 
example: | 


If PE goes High while the clock is Low, but Count Enable 
is not active during the remaining clock Low period 
(i.e., CEP or CET are Low), the subsequent Low-to-High 
clock transition will change Qg...Q3 to the Po... 
P3 data that existed at the set-up time before the rising 
edge of PE. 


If Count Enable is active (i.e., CEP and CET are High) 
during some portion of the clock Low period, but PE is 
High (inactive) during the entire clock Low period, the 
subsequent Low-to-High clock transition will change 
Qo. . - Q3 to the next count value. 


lf PE goes High while the clock is Low, but Count En- 
able is active (CEP and CET are High) during some por- 
tion of the remaining clock Low period, the 9310/9316 
will perform a mixture of counting and loading. On the 
Low-to-High clock transition, outputs Qo... Q3 will 
change as the count sequence or the loading requires. 
Only the outputs that would not change in the count 
sequence and are also reloaded with their present value 
stay constant. 


When Low, the asynchronous Master Reset overrides all 
other inputs resetting the four outputs Low. 


COUNT SEQUENCE 


Count Enable = CEP @ CET @ PE 
TC for 9310 = CET ® Qn @ Q, © Q, © Q, 
TC for 9316 = CET ® Qh ® Q, © Ay @ Az 
Preset = PE @ CP+ (rising clock edge) 
Reset = MR 


The 9310 can be preset to any state, but will not count beyond 9. If 
preset to state 10, 11, 12, 13, 14, or 15, it returns to its normal se- 
quence within two clock pulses. 


In each stage of the counter, the R and S inputs can be 
switched between two sources by the Parallel Enable 
(PE) input. When the PE input is in the Low state, the R 
and S inputs of each of the four flip-flops are connected 
to form four independently clocked D flip-flops whose D 
inputs are the parallel inputs Po, Py, Pp and P3. This 
mode takes precedence over the two synchronous count 
enable controls, CEP and CET. The counters can be 
preset to any number between O and 15 by applying the 
binary equivalent of the number tothe parallel inputs Po, 
P4, Pg and P3 and activating the PE input (PE Low). The 
counter is preset on the following Low-to-High clock 
transition. Counting is resumed when PE, along with 
CEP and CET, is High and follows the sequence shown. 


9310/93L10 AND 9316/93L16 COUNTERS 


MULTISTAGE COUNTING 


a. SLOW MULTISTAGE COUNTING SCHEME 


PE Po Py P2 P3 


9310 UP 
CET DECADE Tc 
COUNTER 


MR Q9 Q4 Q2 QZ 


PE Po Py P2 P3 


CEP 9310 UP 
CET DECADE TC 
COUNTER 


MR Qo Q1 Q2 Q3 


CLOCK © 


e 
PE Po P1 P2 P3 


9310 UP 
CET DECADE 
COUNTER 


MR Qo Q1 Q2 Q3 


Tc 


PE Pg Py Po P3 


oe 9310 UP 
CET DECADE TC 
COUNTER 


PE Po Py Po P3 


9310 UP 
CET OECADE TC 
COUNTER 


b. HIGH SPEED MULTISTAGE COUNTING SCHEME 


e 
PE Po Pi P2 P3 


9310 UP 
CET DECADE Te 
COUNTER 


MR Qo Q1 O72 O3 


PE Po Py P2 P3 


9310 UP 
CET DECADE TC 
COUNTER 


MR Qo Q1 Q2 Q3 - 


CLOCK © 


For multistage counting, all less significant stages must 
be at their terminal count before the next more signifi- 
cant counter is enabled. The 9310 and 9316 internally 
decode the terminal count condition which is ANDed 
with the CET input to generate the Terminal Count (TC) 
output. This arrangement allows series enabling by 
connecting the TC output (Enable signal) tothe CET input 
of the following stage, (a above). This setup requires 
very few interconnections but has a drawback: the 
counter chain is fully synchronous, but since it takes 
time for the enable to ripple through the counter stages, 
maximum counting speed is reduced. This drawback can 
be overcome by proper use of the CEP and CET inputs. 
The CEP input of the 9310 or 9316 is internally ANDed 


PE Po Py P2 P3 


9310 UP 
CET DECADE 
COUNTER 


MR QQ Q4 Q2 Q3 


TC 


MR Qo Q; Q2 O3 MR Q9 Q7 Q2 O3 TO MORE 
; SIGNIFICANT 
STAGES 
eee Po Py P2 P3 PE Po Py P2 P3 TO MORE 
9310 UP 9310 UP SIGNIFICANT 


STAGES 
(UP TO ELEVEN 
TOTAL) 


CET DECADE TC 
COUNTER 


MR Qo Q1 Q2 Q3 


CET DECADE TC 
COUNTER 


MR Qo Q1 Q2 O3 


with the CET input and connected to the R and §$ inputs of 
the individual flip-flops within the counter. This feature 
makes it possible to build a multistage counter (6) that 
can operate as fast as a single counter stage. The ad- 
vantage of the ‘enable while counting” method is best 
seen by assuming all stages except the second and last 
are in their terminal condition. As the second stage ad- 
vances to its terminal count, an Enable is allowed to tric- 
kle down to the last counter stage, but has the full cycle 
time of the first counter to reach it. When the TC of the 
first stage goes active (High), all CEP inputs are activated 
allowing all stages to count on the next clock. The fan out 
of TC (FO= 10) limits the configuration in b to 11 decades. 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


PROGRAMMABLE DIVIDER 


PROGRAMABLE | 
INPUTS 


PE Pg Py P2 P3 
9310 UP 


CET DECADE TC 
COUNTER 


MR Q9 Q)1 Q2 Q3 


INPUT REQUIRED 


DIVIDE INPUT REQUIRED 


DIVIDE 
RATIO 


ROTARY SWITCH PROGRAMMING 


RATIO Po P Po P3 Po Py Po P3 
INITIATE 
8 L L L H 14 L H H H eee 176 9016 
7 H H H L 3 13 H L H H PE Po Py P2 P3 1/4 9002 
6/ LJ H]HIL 4 12]; L | L} HTH oe 
5 H L H L 5 11 H H L H 
4 L L H L 6 10 L H L H . 
3 H H L L 7 9 H L L H 
2 L H L L 8 8 L L L H 
1 H L L L 9 7 H H H L 
O L L L L 10 6 L H H L 
11 5 H L H L 
i eee Le TAAL ee 
13 3 H H L L cvock 
H : HIGH SEEN O RV 5 1 H L L L GATED 
ATH 1k sig US oh OLE dhe mae © 0 aaa 


(WITH 1 k LIMITING RESISTOR) 


The 9310 and 9316 can be converted into synchronous 
programmable counters with modulo 2 to 10 or 2 to 16 
respectively, simply by adding a single inverter. The 
resulting counter actually simplifies certain applications. 
For example, most applications that seem to require a 
count either from zero to a predetermined number or 
from the number down to zero need not be implemented 
in this way. Instead, the operation can be performed with 
fewer gates by using a 9310 (or 9316) programmed with 
the complement of the number and allowed to count up 
until the terminal count is reached. Thus, if it is neces- 
sary to Enable a line for three counts, a 9310 may be 
used by entering 6 (0110) (9s complement of 3) on the 
parallel inputs and counting up. 


GENERATING COMPLEMENTS 


BCD INPUTS 


Ao A1 A2 A3 


BINARY INPUTS 


This 9310 is programmed by a 4-pole switch and is used 
to permit zero to nine pulses to pass through a gate. 
Various types of readily available thumbwheel switches 
function well with these devices. Because all 9300 
series devices belong to the current sinking logic family, 
an open input appears to be High and must be grounded 
if a Low is desired. For this reason, nines complement 
switches providing closed contacts for High only will 
not function directly with these devices. A type provid- 
ing shorts for Lows must be used. The proper type is 
sometimes called “nines complement plus complement’ 
or “inverted nines complement” by thumbwheel switch 
manufacturers. 


BCD INPUTS 


1/4 


loa l1a !2a !3a fob l1b !2b 13b | 


Ao Aj A2 A3 


So 


178 9016 \Y 


1/6 9016 
EACH 


PE Po) P7P2:-Ps 


ere 9310 UP 
CET DECADE TC 
COUNTER 


MR Q9 Q; Q2 Q3 


PE Po Pi P2 P3 


9316 UP 
CET BINARY TC 
COUNTER 


MR Qo Q1 Q2 Q3 


The complement of a number may be generated with 
logic circuits. In a binary counter (9316), the negation 
outputs of the circuits supplying the number furnish 
the proper complement. If these outputs are not avail- 
able, inverters will generate the complement as shown 


DUAL 4 INPUT MULTIPLEXER 
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2b 


1/6 9016 \/ 


1/6 9016 \f 


1/4 9002 


PE Po Py P2 P3 
eee 9310 UP 

CET DECADE TC 
COUNTER 


MR Qo Q; Q2 Q3 


9310 UP 
CET DECADE Tc 
COUNTER 


MR Qo Q1 Q2 O3 


in fa) above. In a decimal counter (9310), the nines 
complement is generated by a 9309 dual 4-input multi- 
plexer plus one inverter (b), or by half of a 9321 dual 
1 -of-4 decoder plus a few gates, (c/. 


9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


COUNTER EXPANSION 


PROGRAMMABLE MODULO 32 


PROGRAMMABLE INPUTS 


P, 


4 
CEP 9316 UP F 


COUNT CET BINARY 
COUNTER 


V/ 
cP 
MR Qo Q, Q2 Q3 = 
eg 
gee 


ENABLE 


OUTPUTS 


50% DUTY CYCLE OUTPUT COUNTERS 


MODULO 6 


PE Pg Py Po P3 


9316 UP 
CET BINARY TC 
COUNTER 


MR Qo Q; Q2 Q3 


OUTPUT 


2 9020 OR 9001 


1/4 9002 
| 


Count Sequence 


MODULO 64 


PE Pg Py P2 P3 
EP 
c 9316 UP 


COUNT CET BINARY TC 
ENABLE cp COUNTER 


; MR Qg Q1 Q?2 Q3 S| 
ie 


OUTPUTS 


MODULO 10 


9316 UP 

CET BINARY TC 
COUNTER 

MR Qo Q1 Q?2 QZ 


OUTPUT 


ae = TC ~T 1 
MODULO 12 MODULO 14 


Count Sequence 


PE Po Py Po P3 
CEP 
9316 UP 
CET BINARY TC 
COUNTER 


MR Qo Q1 Q2 Q3 


OUTPUT 


6) 
O 
1 
O 
O 
1 
O 
0 
1 
O 
O 
1 


=3=000---000 


e 
PE Po Py Po P 
Ge eS 9 1/4 9015 


9316 UP 
TC & 


CET BINARY 
MR Qo Q1 Q2 03 8 


: COUNTER 


OUTPUT 


CLOCK 
a3 


Tc 


fe) 
(oe) 
= 


~O0-00-0=-00 


0 
1 
) 
0 
1 
O 
1 
0) 
1 
0) 
0) 
1 
6) 
1 


1/2 9020 


Count Sequence 


==000--000 
4~23===00000] 


Count Sequence 


erent Tololololololo 


-=$00-00-—-00-00 


Synchronously parallel loading the 9316 forces the 
counter to skip some of the states it would otherwise 
count through. In each circuit, either the Q4 or Qo out- 
put is connected to the active Low Parallel Enable (PE) 
input. Whenever this output is Low, the counter loads 
instead of counting on the next clock pulse. 


Four circuits which divide by 6, 10, 12 and 14 are shown. 
The Q3 output provides a 50% duty cycle output. No ad- 
ditional gates are required except in the divide-by-14 
circuit. In addition, all the count sequences start on O00O 
and end on 1111, which means the Master Reset (MR) 
input and the Terminal Count (TC) output still function 
properly. 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


MULTISTAGE PROGRAMMABLE COUNTERS 


DECIMAL 


PROGRAM WITH NINES COMPLEMENT 


PE Po Py P2 P3 
9310 UP 
DECADE 
COUNTER 


CEP 


9310 UP 
DECADE TC 
COUNTER 


MR Q9 Q} Q2 Q3 


CET 
cP 


CET TC 


CLOCK 


LSB 


can eee 4 
F PE Pg Py P2 P3 ae Po Py 


MSB 


Bae 1/4 9002 08 
PE Po Py Pp P3 e P2 P3 1/2 9009 
9310 UP 9310 UP 9310 UP 
CET DECADE TC CET DECADE TC CET DECADE TC 
cp COUNTER Pp COUNTER COUNTER 
MR Q9Q) Q2 Q3 MR Qo Q; Q2 Q3 MR Qo Q; Q2 Q3 
O 
BINARY 
PROGRAM WITH ONES COMPLEMENT 
MSB 
ye eae 1/2 9004 OR 
1/2 9009 


PE Po Py Po P3 


9316 UP 
BINARY 
COUNTER 


cP 
fi MR Qo Q1 Q2 Q3 
ae 


bt 
“PE Po Py Po P3 
CE 


9316 UP 
BINARY Tc 


CEP 
CET 


9316 UP 


BINARY 
COUNTER 


TC 
COUNTER 


MR Qo Q; Q?2 O38 


CLOCK 


In the multistage programmable decimal and binary 
counters shown above the state prior to Terminal Count 
(TC-I) is decoded and activates the PE input. There- 
fore, the next clock pulse does not increment the 
counter to Terminal Count (all nines for decimal, all 
ones for binary) but rather loads the program value into 
the counter. The counters are programmed with the 
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PE Pg P; P2 P3 


MR Qo Q) Q2 QZ 


9316 UP 
BINARY 


9316 UP 
BINARY 
COUNTER 


MR Qo Q1 Q2 Q3 


TC 


TC 
COUNTER 


MR Qo Q; Q2 Q3 


nines or ones complement of the count modulos, in- 
stead of the more complicated tens or twos complement 
used in the conventional approach. The maximum 
count frequency is limited by the delay in TC decoding 
and the setup time of the PE input. This can be im- 
proved with an additional flip-flop as shown next. 


9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


MULTISTAGE PROGRAMMABLE COUNTERS 


DECIMAL 


PROGRAM WITH NINES COMPLEMENT 


PE Po Py Pp P PE Po Py P2 P PE Pg Py Po P eee P1 Po P3 
o-Pt.P2-P3 o Py P2 P3 ©. Py P2 P3 ©) 


cep” 


CEP CEP CEP 


9310 UP 9310 UP 9310 UP 9310 UP 9310 UP 
CET DECADE Tc CET DECADE TC CET DECADE TC CET DECADE TC CET DECADE TC 
COUNTER COUNTER COUNTER COUNTER COUNTER 


cP cP 


MR Q9 QQ; Q2 QZ MR Qo OQ; Q2 Q3 MR Q9 Q1 Q2 OZ MR Q9 Q1 Q2 Q3 MR Q9 Q1 Q2 Q3 


CLOCK 


1/2 9004/7420 1/2 98109 


BINARY 


PROGRAM WITH ONES COMPLEMENT 


PE Po Py P2 P3 PE Po Py P2 P3 


vr Po Pi P2 P3 


CEP 


9316 UP 9316 UP 9316 UP 9316 UP 
CET BINARY TC CET BINARY TC CET BINARY TC BINARY TC 
COUNTER COUNTER COUNTER COUNTER 


cP 
MR Qo Q; Q2 QZ 


CP 


PE Po Py Pa P3 
MR Qo Q4 Q2 Q3 MR Qo Q1 Q?2 Q3 


ia 9316 UP zi 
BINARY 
COUNTER cp 
_e Qo Q; Q2 QZ 


MR Qo Q1 Q2 O3 


CLOCK 


1/2 9004/7420 1/2 98109 
The maximum count frequency of a programmable also resets this flip-flop, thus activating the PE input. 
counter can be improved by decoding the TC-2 state of The next clock pulse loads the counter with the pro- 
the counter and synchronizing this state in a fast flip- gram value. Guaranteed count frequency can be as 
flop such as the 9$109. high as 25 MHz, limited only by the sum of the tod of 


The clock pulse that increments the counter to TC-I the flip-flop plus the setup time of the PE inputs. 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


FAST MULTISTAGE PROGRAMMABLE COUNTERS WITHOUT PROGRAM RESTRICTIONS 


DECIMAL 
PROGRAM WITH NINES COMPLEMENT 


LSB MSB 
Fy) Rn thee ee ee eae il 
| | emacs LiL peor L 
P 
CEP EP 


PE Po Py Po P3 PE Po Py Po P3 PE Po P1 P2 P3 


EP 
: 9310 UP 


CET DECADE TC 
COUNTER 


MR Q9 Q1 Q2 Q3 


EP 
s 9310 UP 
CET DECADE TC 
COUNTER 


MR Q9 Q1 Qo O3 


i 
CLOCK 


9310 UP 
CET DECADE Tc 
COUNTER 


MR Q9 Q1 Q2 Q3 


9310 UP 
CET DECADE TC 
COUNTER 


MR Q9 Q1 Q2 Q3 


9310 UP 
CET DECADE TC 
COUNTER 


MR Q9 Q1 Q2 Q3 


9$109 OR 9024 


BINARY 
PROGRAM WITH ONES COMPLEMENT 
— a 


LSB MSB 
yy Fa) (ean Ue Gael FA ak Hil 
lel ana naa 
PE Po Pi P2 P3 se PE Po Pi Pa P3 PE Po Pi P2 P3 f PE Pg Py Po PE Pg P} P2 P3 


EP 
t 9316 UP . 9316 UP 9316 UP cad 9316 UP 
CET BINARY TC CET BINARY TC 
cP COUNTER cP COUNTER 
MR Qo Q1 Q?2 QZ MR Qo Q1 Q?2 QZ 
f 
CLOCK 


Q a 
m 


9316 UP 
CET BINARY TC CET BINARY TC ET BINARY TC 
COUNTER COUNTER 


cP COUNTER 
MR Qo Q1 Q2 Q3 MR Qo Q1 Q?2 QZ 


2) 
0 


9$109 OR 9024 


The programmable counters described in the previous If the clock period is shorter than this ripple delay, the 
two figures suffer from a decrease in maximum count- next clock pulse reloads and the counter divides by the 
ing speed when they are programmed with certain un- wrong number. This problem is overcome by a second 
favorable numbers which do not allow enough time flip-flop, as shown above. 


for the decay of the TC ripple chain. 
The dual flip-flop provides additional time for the TC 
For example, assume that a BCD counter is program- outputs to ripple Low, since it activates the PE signal 
med for modulo 90. The counting sequence is: for two clock pulses instead of one. The two flip-flops 
form a modulo 3 counter and are normally set. TC-3 is 
MSD 99996 LSD decoded and activates the reset (K) input of the first 
99997 — flip-flop. The next clock pulse increments the counter 
99998 activates PE to TC-2 and resets the first flip-flop. This activates 
99909 nines complement of 90 the PE inputs and the reset (K) input of the second 


is loaded flip-flop. The next clock pulse loads the program value 

99910 into the counter and resets the second flip-flop. Since 

etc. the first flip-flop remains reset, the following clock 

The ripple TC output from the MSD must disappear pulse loads the counter again and it sets both flip- 
during one clock period (when 99909 has been loaded). flops. The next clock pulse increments the counter. 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


SELF-STOPPING COUNTER COUNTER WITH THREE ENABLES 


START VALUE 
ram 


ENABLE 1 


PE Po Py Po. P3 


9310 UP © 
DECADE 
COUNTER 


MR Q9 Q; Q2 Og 


CET TC 


PE Po Py P2 P3 
9310 UP 
DECADE 
COUNTER 


MR QoQ; Q2 Q3 


Tc 


1/6 9016 


OR 
1/4 9002 


If a particular application does not require the program- 
mable feature but does require three Enables on a 
counter, each Q output should be tied to the corres- 
ponding P input as shown, permitting the PE input to 
function as an enable. 


An inverter between the TC output and the CEP Enable 
input is all that is needed to stop a counter at its terminal 
state. The inverter, however, must be connected to CEP, 
not to the CET Enable input. Since TC is a function of 
CET, such a connection causes oscillation. 


HIGH SPEED PROGRAMMABLE DIVIDER STAGE 


PROGRAM WITH NINES COMPLEMENT 


Ty] a ae a Gee 
eave 
PE Po Py P2 P3 PE Po Py P2 P3 

EP CEP 


9310 UP 9310 UP 
DECADE DECADE 
COUNTER COUNTER 


cP 
MR Q9 Q1 Q2 Q3 MR Q9 Q; Q2 Q3 
e 


1/4 9002 OR 
1/2 9009 


PE Po Py Po P3 


9310 UP 
DECADE 
COUNTER 


MR Qo Q1 Q2 Q3 


PE Po Py P2 P3 


9310 UP 
DECADE 
COUNTER 


MR QoQ; Q2 O3 


HIGH SPEED 
10/11 COUNTER 
TC TC TC 


TC CET 


410/11 
OUTPUT 


FREQUENCY 


—P 
INPUT Net 


+10 ENABLE 


FREQUENCY 
OUTPUT 


1/6 9016 


programmable divider. After loading the four 9310s, the 
control counter enables the divide-by-11 mode of the 


The 9310 and 9316 can control a higher speed counter 
that is one of the stages of a programmable divider, ex- 


tending the operating frequency by a factor of 10. A 
selectable divide-by-10 or divide-by-11 high speed 
counter acts as the clock. source for the subsequent 
counter stages and for a control counter. The control 
counter and 10/11 counter form the units counter of the 


UP/DOWN COUNTERS 


The 9310 and 9316 combined with gating circuitry can be 
used as up/down counters, but the 9360/74192 and 9366/ 
74193 up/down counters are generally move applicable for 
this function. 


SPECIAL APPLICATIONS 


The synchronous parallel load capability of the 9310 and 
9316 enables these counters to be used in applications not 
customarily associated with counters. For example, if the 
PE input of the 9310 (or 9316) is permanently grounded, the 
device behaves like four dual-rank D-input flip-flops, de- 
creasing the number of different parts needed in certain sys- 
tems. 
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high speed counter for the duration of the units cycle. 
When the units cycle is over, the control counter enables 
the divide-by-10 mode, causing the high speed counter 
to become a divide-by-10 counter functioning as a 
normal decade units counter stage. 


RESYNCHRONIZER 


ASYNCHRONOUS INPUTS 
Ss 


PE Po Py P2 P3 


9310 UP 
DECADE 
COUNTER 


MR Q9 Q1 Q2 Q3 


CET * TC 
RESYNCHRONIZATION 


SIGNAL 


—” 
SYNCHRONOUS OUTPUTS 


*OR 9316 


A resynchronizer using a 9310 (or 9316) as four D-input 
flip-flops is shown. In this circuit the PE input is 
grounded, and the resynchronizing input is applied to the 
CP input. In most cases, the 9300 universal shift register 


is preferable for this function. 


9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


COMBINATION COUNTER/SERIAL REGISTERS 


PROGRAMMING COUNTERS 


PE Po Py P2 P3 
9310 UP ANY DATA SOURCE 
DECADE TC (9310, 9316, LATCH, 
COUNTER SWITCHES, ETC.) 
MR Q9 Q1 Qo Q3 


SHIFT ENABLE 


P 


E Po Py Po P3 


9310 UP 
ET DECADE TC 
COUNTER 


DIODE INCLUDED TO ENTER 
“1° WHEN SELECTED 


Ao Ai A2 A3 


9301 1/10 DECODER 
DATA OUT 


Oo 07; O02 03 04 Os 0g 07 Og Og 


DATA IN 


PE Po Py Po P3 
P 
sa 9310 UP 
CET DECADE TC 
Cc 


COUNTER 
MR Qg Q) Q2 Q3 


9310 UP 
DECADE TC 
COUNTER 


sO The contents of a 9310 or 9316 can be shifted out 
serially. This circuit shows each 9310 (or 9316) with Q 


outputs connected to the next more significant P input for 


A general scheme for programming a 9310 (or 9316) 
counter is shown here. A diode matrix used as a read 
only memory or a decoding matrix (depending on how 
it is viewed) generates the desired code to be entered in 
the 9310 (or 9316). A 9301 or 9311 decoder selects 
the proper word, and 9935 inverters present this word 
to the parallel inputs. These inverters (standard DTL 
inverters without input diodes) are needed to maintain 
noise immunity on the inputs. 


shifting the most significant bit first. When the Shift 
Enable is High, the 9310s (or 9316s) perform the normal 
counting operation. When the Shift Enable is activated 
(Low), the contents of the two decade countersare 
shifted out serially at the Q3 output of the second 
decade counter. If each 9310 (or 9316) output is con- 
nected to the next less significant parallel input, the 
least significant bit is shifted out first. Qo of the least 
Significant stage provides the serial output. 


COMBINATION COUNTER/DECADE REGISTER 


PARALLEL DATA IN 


SHIFT ENABLE 


Rane PE Po Py P2 P3 PE Po Py P2 P3 
P CEP 
CE 


9310 UP 
DECADE TC 


E 
. 9310 UP 9310 UP 
CET DECADE TC T DECADE TC 


cp COUNTER cP COUNTER cp COUNTER 
MR QQ Q1 Q2 Q3 MR Q9 Q1 Q2 Og MR Qo Q1 Q2 Q3 


ee 
PARALLEL DATA 


first, each output is connected to the next less significant 
decade parallel inputs. 


The decade counter illustrated shifts data out of each 
counter in parallel by decade, with the most significant 
decade shifted first. To shift the least significant decade 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


PROGRAMMABLE COUNTERS STARTING AT ZERO 


SWITCH PROGRAMMABLE 


v: 
: 
© O 


PE Pg Py P2 P3 


9310 UP 
DECADE 
COUNTER 


MR Qo Q1 Q2 Q3 


LSB 
OO 0 QO 


TC 


CLOCK 


VALUE SELECT 


TERMINAL COUNT 
SWITCHES 


PE Po P1 P2 P3 


9310 UP 
DECADE 
COUNTER 


MR Q9 QO} Q2 O3 


TC 


TERMINAL COUNT VALUE INPUTS 


LSB 


! rit peices 
PE Po P1 Po P3 PE | ed Py Po P3 PE Po Pi Po P3 
CEP CEP 
9310 UP 9310 UP 9310 UP 
CET DECADE CET DECADE TC 


CLOCK 


CET DECADE Tc 
cP COUNTER 
MR Qo Q; Q2 Q3 
ane 


Ag Ai A2 A3 Aq Bo By Bo B3 Bg 


ABE 9324 5 BIT COMPARATOR 


A 


Some applications call for counters that start at zero and 
reset at a predetermined number. This number may be 
derived from a switch position, from internal logic 
Signals, or it may be permanently fixed. Two such 
counters are shown. In the circuit on top, a NAND gate 
decodes the terminal count, and on the next clock pulse 
the decoded output resets the counter through the PE in- 


COUNTER 
+t PR Q9 Q; Q2 A 
wt 


Ag Ay A2 A3 ‘= 


ABE 9324 5 BIT COMPARATOR 
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MSB 


COUNTER 
MR Q9 Q1 Q2 Q3 


Bo Bi B2 B3 Ba Ag A1 A2 A3 Ag Bo Bi Bo B83 Bg 


9324 5 BIT COMPARATOR 


ABE 


puts. The PE inputs make it possible to reset the counters 
synchronously by grounding all the P inputs. If the 
asynchronous MR input were used to reset the counter, a 
race condition would result. In the second circuit 9324 
comparators compare the count value against a value 
generated by logic circuits. The A<B output of the com- 
parator serves as a preset signal to the counters. 


9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 


CYCLIC D/A CONVERSION. 


CHANNEL 1 BCD INPUTS 


(ce 


PE Pg Py P2 P3 


9310 UP 
DECADE 
COUNTER 


MR QQ Q)1 Q2 Q3 


PE Pg Pi P2 P3 


9310 UP 
DECADE 
COUNTER 


MR Q9 Q1 Q2 QZ 


CEP 
CET 


TC 


CHANNEL 2 BCD INPUTS 


9310 UP 
DECADE 
COUNTER 


MR Qo Q4 Q2 Q3 


Lis CET 


CP 


REFERENCE 


PE Po Py P2 P3 


9310 UP 
DECADE 
COUNTER 


MR QQ Q]1 Q2 Q3 


TC CET 


CP 


CET 
CP 


HIGH SPEED 
CLOCK 


This is a schematic of a dual D/A PDM converter using 
9310s (or 9316s). This circuit uses one programmable 
counter per channel plus one reference counter. The 
number to be converted is supplied to the parallel inputs 
of the programmable counter and entered when the 
reference counter is at Terminal Count (TC active). The 
programmable counter count value is greater than the 
count value of the reference counter by a number of 
counts equal to the digital input. To produce a PDM out- 
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put directly proportional to the phase difference of the 
two counters, the Terminal Counts of the programmable 
and reference counters alternately set and reset the 
9020 flip-flop. Additional D/A conversion channels are 
easily obtained by adding a programmable counter and 
flip-flop for each channel desired. An alternate D/A 
converter (more economical for multichannel con- 
version), using the 9318 priority encoder is included in 
encoders. 


9360/74192, 9366/74193 UP/DOWN COUNTERS 


DESCRIPTION 


LOADING 


Parallel Load (Active Low) Input 
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The 9360/74192 is an up/down decade (8421) counter and 9366 can be used in many up/down counting ap- 
and the 9366/74193 is an up/down 4-bit binary plications, particularly when the initial count value must 
counter. Both devices are synchronous dual-clock be loaded into the counter and multistage counting Is re- 
up/down counters with asynchronous Parallel Load, quired. The counters have active pullups for high speed, 
asynchronous overriding Master Reset and internal input clamp diodes to minimize the effect of line reflec- 
Terminal Count logic which allows the counters to be tions, excellent noise margins and are compatible with 
easily cascaded without additional logic. The 9360 all members of the Fairchild TTL family. 


OPERATING MODES AND COUNT SEQUENCES 


9360/54192, 74192 STATE DIAGRAM 9366/54193, 74193 STATE DIAGRAM 


COUNT UP — COUNT UP — 
COUNT DOWN ------- COUNT DOWN ------ 
‘% 
MODE 
No Change 
Count Up 
Count Down 
Preset (Asynchronous) 
Reset (Asynchronous) 
Reset (Asynchronous) 
The 9360 and 9366 can be Reset, Preset and can count The 9360 and 9366 have an asynchronous parallel load 
up and down. The operating modes of the counters are capability permitting the counter to be preset. When the 
listed and are identical. The only difference is in their Parallel Load (PL) and the Master Reset (MR) inputs are 
count sequences. Low, information present on the parallel data inputs (Po, 


P4,P5 and P3) is loaded into the counter and appears on 
the outputs regardless of the conditions of the clock in- 
puts. When the Parallel Load input goes High, this in- 
formation is stored in the counter and when the counter 
is clocked it changes to the next appropriate state in the 
count sequence. The parallel inputs are inhibited when 


Counting is synchronous with the outputs changing state 
after the Low-to-High transition of either the count up 
clock (CP\y) or count down clock (CPp). The direction of 
the count is determined by the clock input which is 
pulsed while the other count input is High. 


Incorrect counting can occur if both the count up clock the Parallel Load is High and have no effect on the 
and count down clock inputs are Low simultaneously. counter. A High on the asynchronous Master Reset (MR) 
The counters respond to a clock pulse on either input by input overrides both clocks and Parallel Load and clears 
changing to the next appropriate state of the sequences the counter. Obviously, for predictable operation, the 
shown above. The 9360 diagram shows the regular BCD Parallel Load and Master Reset must not be deactivated 
(8421) sequence as well as the sequence of states if a simultaneously. 


code greater than nine is preset into the counter. 
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9360/74192, 9366/74193 UP/DOWN COUNTERS 


OPERATION 
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Both the 9360 and 9366 have four master/slave flip- 
flops plus steering, Terminal Count decoding and Preset 
logic. Each flip-flop is designed to toggle after each clock 
pulse. Counting occurs by steering clock pulses from 
either the up or down clock input to the appropriate flip- 
flops and output changes are coincident, two gate delays 
after the rising clock edge. 


The steering logic inthe 9366 allows a particular flip-flop 
to receive an up clock pulse when all preceding stages 
are one and to receive a down clock pulse when all 
preceding stages are zero. The first flip-flop toggles if an 
up or down clock is received. The 9360 incorporates 
slightly different steering logic to allow decade counting. 
Each flip-flop is a master/slave toggle flip-flop operating 
as follows. When the toggle clock input is Low, the slave 
is steady but the master is set to the opposite state of the 
slave. During the Low-to-High clock transition, the 


9-31 


TC 
© (CARRY 
OUTPUT) 


master is disabled so a later change in the slave outputs 
does not affect the master. Also, the information now in 
the master is transferred to the slave and appears at the 
output. When the transfer is completed, the master and 
slave are steady as long as the clock input remains High. 
During the High-to-Low clock transition, the transfer 
path from master to slave is inhibited, leaving the slave 
steady in its present state and allowing the master to be 
set to the opposite state of the slave. 


Asynchronous Set and Clear inputs on each flip-flop 
allow the respective flip-flops to be set or cleared 
independently of the clock inputs. All inputs are buffered 
and require only one unit load of drive. All outputs have 
drive capability of 10 unit loads. The input loading and 
drive capability of this device reduce the need for ad- 
ditional external buffers in digital systems. 


9360/74192, 9366/74193 UP/DOWN COUNTERS 


TERMINAL COUNT LOGIC 
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The 9360 and 9366 have Terminal Count Up (TCyy) and 

Terminal Count Down (TCp) outputs which allow multi- 
stage ripple binary and decade counter operations 
without additional logic. The Terminal Count Up output is 
Low while the up clock input is Low and the counter isin 
its highest state (15 for the 9366, nine for the 9360). 
Similarly, the Terminal Count Down output is Low while 
the down clock input is Low and the counter is in state 
zero. The logic equations for Terminal Count are given 
here. 
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The counters are cascaded by feeding the Terminal 
Count Up output to the up clock input and the Terminal 
Count Down output to the down clock input of the follow- 
ing (more significant) counter. Therefore, when a 9366 
counter is in state 15 and counting up or in state zero and 
counting down, a clock pulse will change the counter’s 
state on the rising edge and simultaneously clock the 
following counter through the appropriate active Low 
terminal output. The operation of the 9360 is the same, 
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except when counting up, clocking occurs on state nine. 


The delay between the clock input and the Terminal 
Count output of each counter is two gate delays (typically 
18 ns). Obviously these delays are cumulative when cas- 
cading counters. When a counter is reset, the Terminal 
Count Down output goes Low if the down clock is Low. 
and, conversely, if a counter is preset to its terminal 
count value, the Terminal Count Up output goes Low 
while the clock is Low. 


9360/74192, 9366/74193 UP/DOWN COUNTER APPLICATIONS 


LIGHT-CONTROLLED UP/DOWN COUNTING 
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Many industrial or scientific applications require a count 
of objects traveling in different directions. The circuit 
shown counts moving objects as they move between a 
light source and phototransistors. This permits a count of 
objects passing in either direction and allows for 
reversals in movement or non-uniform movement. Each 
object passing from bottom to top increments the 
counter. Each object passing from top to bottom 
decrements the counter. Any object passing between 
the light source and the two phototransistors is counted 
as long as the object is large enough to cover both tran- 
sistors simultaneously. Hex inverters serve as a clock 
generator and as phototransistor amplifiers. The dual 
flip-flop and 3-input NAND gates are used to route the 
phototransistors’ signals to the up/down counters. 


When an object moves from bottom to top it covers 
phototransistor 2 first, bringing line B Low. This stores a 
zero in the 2-bit shift register. As the object continues, 
phototransistor 1 is then covered and brings line A High. 
As the object moves even further; it uncovers phototran- 
sistor 2, bringing line B High again. The next clock pulse 
loads a 1 into the first bit of the shift register. Thisone - 
zero combination in the shift register and High level on 
line A are decoded and gated with the clock to increment 
the counter. For an object moving from top to bottom, the 
sequence is reversed and the counter decremented. 
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The 9360 and 9366 can act as programmable dividers 
without additional logic. The divide ratio, n, is directly 
programmable in binary or BCD by using the count down 
capabilities of either counter. The divider shown 
operates as follows. The counter counts down until the 
terminal count value is reached, and when the clock goes 
Low again the Terminal Count output goes Low and 
Starts to load the initial count value into the counter. 
When the preset number appears on the counter out- 
puts, the Terminal Count Down output disappears and 
the counter decrements when the clock goes High. 


The input clock width must exceed the sum of the 
Terminal Count delays (two gate delays per counter), the 
asynchronous load delays and the clock setup time. The 
Terminal Count output is a short pulse which should be 
lengthened for some applications before it is applied to 
other logic. It can be applied to a 9601 one-shot or toa 
TTL flip-flop divide-by-two stage producing a symmet- 
rical output at half the programmed frequency. Al- 
though the Terminal Count disappears as soon as a 
single output changes, the internal delays are such that 
all flip-flops become preset before Terminal Count 
disappears. This is because the Preset signal must 
propagate through both the flip-flop and the Terminal 
Count gate before the preset signal is removed. Ad- 
ditional delay may be desired between the Terminal 
Count output and the Parallel Load input and is ac- 
complished with an appropriate number of inverters. 
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Some systems using up/down counters require that 
underflow or overflow be inhibited. A change from the 
maximum count to zero in the count up mode or from zero 
to the maximum count in the count down mode must be 
prevented. To achieve this limited range operation, the 
feedback connections illustrated for two 9360 decade 
counters are used. The same feedback can be used over 
any number of stages and can also be used with the 9366 
binary counter. However, 15 must be loaded into the 
9366 to prevent overflow. 


SINGLE LINE UP/DOWN CONTROL 


UP / DOWN 
CONTROL 


‘| eh rr rey 
The lower limit for counting is established at zero by 
inverting the Terminal Count Down output and apply- 
ing it to the Master Reset input. Therefore, when the 
counter is at state zero and a down clock is applied, 
Terminal Count Down activates Master Reset during 
the entire time the clock is Low, keeping the counter at 
zero and preventing the counter from decrementing. 
After the down clock goes High, Master Reset is re- 
moved but the counter is still in state zero. The upper 
limit for counting is established by connecting the 
Terminal Count up output to the Parallel Load input and 
applying the terminal count value to the preset inputs. 


This figure illustrates the addition of a single line 
Up/Down Control and Enable to the 9360 and 9366. All 
changes in the Up/Down Enable should be made while 
the clock is High. This restriction is not a problem since 
logic transitions in most of the Fairchild TTL family follow 
the Low-to-High transition of the clock pulse and the in- 
puts are steady before the clock goes Low. 


SYNCHRONIZATION AND COINCIDENT PULSE PREVENTION 
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A method of synchronizing asynchronous up/down in- formation on the asynchronous down input during two 
put pulses and avoiding coincident pulses to the counters clock periods and the Q9 and Q3 outputs reflect in- 
is illustrated here. The counters decrement or increment formation on the up input during the same clock periods. 
when either up or down asynchronous input makes a This information is decoded by the three 4-input NAND 
Low-to-High transition. If both inputs make the tran- gates and gated with the clock to produce the 9360 (or 
sitions simultaneously, the counters do not decrement or 9366) up or down pulses. A Low-to-High transition on 
increment. A master clock with a frequency of at least the up input results in Q3 Low and Qg9 High. This is 
twice the frequency of the asynchronous inputs is decoded and gated with the clock to increment the 
needed to avoid the loss of input pulses. The 9360 counter. A Low-to-High transition on the down input 
counter outputs are synchronized with the master clock. results in Q4 Low and Qo High. This is decoded and 


gated with the clock to decrement the counter. A 4-input 
NAND gate disables both clocks to the counter when 
both transitions have occurred simultaneously. 


The asynchronous up/down inputs are fed to a 9300 4- 
bit shift register connected to form two independent 2- 
bit shift registers. The outputs Qo and Q] reflect the in- 
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THE 9300 SHIFT REGISTER AS A COUNTER 
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inverter and one 2-input NAND gate. Decoding any 
group of adjacent states (2,3,4,5,6 or 7) is equally sim- 
ple. The unused states of these counters are non- 
persistent, i.e., the counter reverts into its operating loop 
if accidentally set to an unused state. 


The 9300 4-bit universal shift register can be used for a 
wide variety of counting circuits including simple 
counters of different modulo, variable modulo counters 
and up/down counters. Twisted ring counters offer 
glitch-free decoding of any individual state with one 
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MODULO 8 MODULO 6 


COUNT COUNT 
FORWARD FORWARD 
rallir ita ir P3 
J te Count Sequence Count seauenes 
P SHIFT REGISTER Q oe SHIFT REGISTER 
ok 2 QoQ], Qo 
MR Qo r ia al MR Qo Q] it a 


eal Na i i= in Mb !2b I3b 
So 


0 
1 
1 
1 
1 
0 
O 
.@) 


Fe L less 13a lob !1b !2b 3b 
09 9309 
DUAL 4 ieee MULTIPLEXER DUAL 4 INPUT MULTIPLEXER 
1 
2b 2p 


Twisted ring reversible counters are possible with 9300 input NAND gates and inverters. Again, all unused states 


shift registers and 9309 multiplexers. Individual or ad- are non-persistent. 
jacent states are easily decoded without glitches with 2- 
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THE 9300 SHIFT REGISTER AS A COUNTER 


LINEAR FEEDBACK SHIFT COUNTERS 


The most economical approach to the design of a counter 
with the 9300 is the shift counter technique. The general 
state diagram of a 4-bit feedback shift register is shown. 
Each state is identified by a decimal number which is the 
equivalent of the contents of the register taken as a 
binary number. The first bit in the register is the least 
significant bit. Each state has two entrances and two ex- 
its. One exit results from shifting a zero into the register 
and the other from shifting in a one. A wide variety of 
loop sequences can be chosen from the state table by as- 
signing one and zero exits from successive states. Count 
sequences can be selected based on decoding re- 
quirements, simplicity of feedback logic or other system 
constraints. 


There are several feedback shift counter designs using 
the 9300. One approach would be to select the desired 
sequence of states using this general state diagram. 
Then, the necessary input functions would be developed 
to produce the selected sequence. On the first attemptto 
generate the input function, those states not appearing 
in the desired sequence (except the all zero and all one 
states) can be considered as ‘‘Don’t Care’ conditions. 
However, it is necessary to check the states considered 
as ‘‘Don’'t Care” conditions against the generated input 
function to see that they do not form any unwanted 
loops. The all one and all zero states are special cases 
since they may be persistent states (loops of one state). If 
an all one or an all zero state is not wanted, this re- 
quirement can be taken into consideration on the initial 
development of the input function by supplying a zero in- 
put for the all one state and a one for the all zero state. 
If the unused states form a loop, it may be necessary to 
modify the input function to eliminate the secondary 
loop. Examination of the relationship between states in 
the desired and undesired loops indicates the required 
changes in the input function for eliminating the 
undesired loops. Except for the 2-state loop (1010, 
0101), there are several distinct loops for all loop 
lengths. For example, there are 16 different loop se- 
quences of length 16. The implementation of the neces- 
sary input function is much simpler for some loops than 
for others. 
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An example of this approach to the design of a feedback 
shift register is illustrated here. A 10-state_loop is 
selected, and the Veitch diagrams for the J and K inputs 
are shown with the resulting state diagram for the sim- 
plest gate implementation. With the simplest gate im- 
plementation of the main loop, the all one state is 
persistent. This condition can be relieved by several ap- 
proaches. 


A new inputfunction and its gate implementation results 
in a zero input for all one state. 


Another method of eliminating the all one persistent 
state is to connect a 4-input gate as shown so that the all 
one condition produces a Master Reset input. At least 
one stage is then set to zero. 
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Another approach to the generation of acount sequence 
with a feedback shift register is to first generate asimple 
sequence such as one obtained by toggling the first stage 
of an n-bit shift register whenever the last stage is zero. 
This simple function produces a loop of 2" - 1 states and 
a single all one persistent state for the values of n = 
2,3,4,6,7,15 and 22. Here is a 9300 connected in this 
manner and the resulting sequence of states. Ex- 
amination of this sequence shows that a 10-state 
counter results if a jump is caused from the 1000 state to 
the 1100 state. It is only necessary to inhibit the Reset of 
the first state to obtain this jump. Further examination of 
the sequence reveals that the inhibit function is simply 
the Q»y output. This approach creates exactly the same 
counter as obtained by the previous methods. 


ell 
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An up/down shift register counter is possible by con- 
necting the 9300 as a right/left shift register (using 
the synchronous parallel inputs) and supplying a zero to 
the left shift input when the first two stages are different. 
This is the reverse of toggling the first stage whenever 
the last stage is zero. This is a modulo 127 up/down 
counter using this technique. 
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“IF THE DIVIDE RATIO OF 128 1S NOT REQUIRED, 
THIS EXCLUSIVE NOR GATE MAY BE OMITTED. 


Another use for the parallel input of the 9300 shift is determined by the four switches. Note that this 
register is illustrated by the variable modulo or divide-by - counter can divide by any integer up toand including 16. 
n counters on the left. Again, the simple feedback (toggle The divide-by-n counter shown on the right is simply an 
the first stage when the last stage is zero) is used. This extension to seven bits of the 4-bit divide-by-n counter. 
time a single gate produces the Parallel Load signal The table opposite gives the loading values for this 
whenever the first three stages contain all ones. The 7-bit counter. 


parallel input combination to be loaded into the register 
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This circuit divides by any number n from 1 to 100. The selected n is one greater than is shown on the slide switches. 
As an example, the switches show 56, therefore the circuit will divide by 57. 


Divide-by-n counters are difficult to use in a large condition. When both stages are in the zero condition, 
number of program divider applications due to the the Parallel Load is enabled, setting the value of n into 
unwieldy nature of the n-input format when large values the two decade stages. Since the decade count OO is in- 
of a variable input are required. This can be overcome cluded in the sequence, the counter counts one more 
‘by building the counter in stages. This diagram is a than the value of n loaded. Each additional decade stage 
simple, fully synchronous 2-stage decade counter. Each using this approach requires either much more logic or 
stage counts down modulo 10, with the first stage gat- a reduction of operating speed. 


ing the clock to the second stage when it is in the zero 


LOADING VALUES, DIVIDE-BY-n COUNTERS 


on n lo th t2 I30 la bs Ne NM lo lg 130 Ig Ig Ig 
128 1 1 1 1 1 1 1 99 1 (@) 1 0) @) 6) 1 69 1 0 1 1 0] 0 1 
127 O 1 1 1 1 1 1 98 1 1 @) 1 (0) 6) O 68s 1 @) 1 1 6) 0) 
126 O @) 1 1 1 1 1 97 O 1 1 @) 1 0 O 67 O 1 1 O 1 1 0) 
125 0O 0) (@) 1 1 1 1 96 1 (@) 1 1 @) 1 e) 66 1 O 1 1 @) 1 1 
124 O @) O @) 1 1 1 95 0O 1 @) 1 1 e) 1 651 1 @) 1 1 0) 1 
123 O @) O @) @) 1 1 94 O (0) 1 @) 1 1 fe) 64 1 1 1 @) 1 1 0) 
122 O @) @) O @) O 1 93 «1 @) 0) 1 @) 1 1 63 O 1 1 1 6) 1 1 
121 0 0) @) O O O 0 92 1 1 0 0 1 fe) 1 62 O 0) 1 1 1 0 1 
120 «#1 @) O O @) 0 @) 91 1 1 1 (@) (@) 1 6) 61 0] 0 @) 1 1 1 0 
90 O 1 1 1 @) 6) 1 60 1 @) 0) @) 1 1 1 
119 QO 1 0] @] 0) 0) @) 89 O @) 1 1 1 @) O 591 1 0 O 6) 1 1 
118 1 0] 1 0 @) 0) @) 881 0) O 1 1 1 0) 58 1 1 1 0 0 0 1 
117 O 1 0 1 @) @) 0 87 O 1 0) @) 1 1 1 571 1 1 1 0 8) 0 
116» 1 0) 1 @) 1 O @) 86 O @) 1 @) @) 1 1 56 O 1 1 1 1 0 0) 
115 O 1 @) 1 @) 1 O 85. O 0) @) 1 @) 0) 1 Boo 4 O 1 1 1 1 O 
114 1 O 1 O 1 O 1 84 0) 0) (@) 0 1 O O 54 6) 1 6) 1 1 1 1 
1131 1 O 1 @) 1 @) 83 0) @) O 6) 1 @) 53 O 0 1 6) 1 1 1 
112 O 1 1 @) 1 @) 1 82 O 1 @) (@) 6) 0) 1 52 0O 0) 0 1 @) 1 1 
111 @) 0) 1 1 @) 1 @) 81 @) 0 1 (0) 0) e) 0) 51 6) 0 0 0) 1 0 1 
110 #1 0) 0 1 1 @) 1 80 1 (0) @) 1 @) 6) 0) 50 O 0 0 6) 0) 1 0] 
109 #1 1 @) 0 1 1 0) 79 #O 1 0) @) 1 6) @) 49 1 6) 0 0) 0) (0) 1 
108 O 1 1 O O 1 1 78 «1 0) 1 @) e) 1 6) 48 1 1 0 0 0 0) 0 
107 O @) 1 1 @) O 1 77 ~26~O 1 0) 1 @) 0 1 47 O 1 1 0 @) e) @) 
106 O @) O 1 1 @) 0) 76 O O 1 @] 1 O 0 46 1 0 1 1 6) 0) 0 
105 1 O O O 1 1 6) 75 1 O O 1 0 1 O 45 0 J O 1 1 O O 
104 6) 1 O 6) O 1 1 74 O 1 O O 1 O 1 44 1 O 1 0) 1 1 O 
103 0) O 1 (0) .@) O 1 73 O 0 1 O O 1 @) 43 O 1 O 1 O 1 1 
102 O O O 1 O O O 72 1 O O 1 oO O 1 42 0) O 1 0 1 O 1 
101 1 @] 0 0 1 0 @) 71 1 1 6) 0 1 6) 0) 41 0 0 0 1 0 1 0) 
100 O 1 0) (0) @) 1 @) 70 O 1 1 0 @) 1 6) 40 1 0) 0 @) 1 @] 1 
n lo ly Dy) 13 14 I5 lg n lo ly Ip I3 lq I5 lg 
39 1 1 6) O O 1 0) 19 O 1 
33 0 14 #71 0 6 0 41 ae ef ae ft 
37 O (6) 1 1 @) O O 17 1 1 O 1 ‘e) 1 1 
36 1 O O 1 1 O O 16 1 1 1 O 1 @) 1 
34 1 @) 1 O O 1 1 14 O 1 1 1 1 O 1 
331 1 @) 1 @) @) 1 13 O re) 1 1 1 1 0 
32 1 1 1 0) 1 O O 12 1 @) O 1 1 1 1 
31 ‘@) 1 1 1 (@) 1 .@) 11 1 1 0 O 1 1 1 
30 1 @) 1 1 1 O 1 10 1 1 1 ‘e) 0 1 1 
29 1 1 @) 1 1 1 O 9 1 1 1 1 a) O 1 
28 O 1 1 0 1 1 1 8 i 1 1 1 1 0 0 
27 «60 O 1 1 6) 1 1 7 O 1 1 1 1 1 O 
26 O O 0 1 1 ‘e) 1 6 1 ‘) 1 1 1 1 1 
25 O 0 0) 1) 1 1 0 5 1 1 O 1 1 1 1 
24 ~«1 O O 0) 0) 1 1 4 1 1 1 O 1 1 1 
23 = «1 1 6) O te) O 1 3 1 1 1 1 re) 1 1 
22 ~=«1 1 1 O O 0 1) 2 1 1 1 1 1 O 1 
21 0 1 1 1 e) @) O 
20 ~—s1 0) 1 1 1 @) @) 
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SERIAL COUNTING WITH SHIFT REGISTERS 


UP/DOWN COUNTER WITH DISPLAY MULTIPLEXER DRIVING 7-SEGMENT LED ARRAY 


ie | 
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betes 8 BIT SHIFT REGISTER 1 
Q7 oO 
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Os Q7 
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cp 93L 00 
SHIFT REGISTER 
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MR Qo Q1 Q2 Q3 
O 


BUSY 


By separating the data storage (serial shift register) and 
arithmetic (adder or exclusive OR) functions, a separ- 
ate class of counters develops, which is economical but 
slow. This approach uses four 8-bit serial shift regis- 
rs (two 9328 dual 8-bit shift registers) to store BCD 
data four bits in parallel but serial by character. Incre- 
menting or decrementing is performed by a 9383 4-bit 
ripple/carry adder. 


Eight BCD digits are stored in two 93L28 dual 8-bit 
shift registers connected as four 8-bit registers feeding 
through a 4-bit adder back to themselves. Counting 
is performed by presetting the carry flip-flop (1/4 
93L00) when the least significant digit reaches the out- 
puts of the shift registers. Whenever the carry flip-flop 
is set, a 1.(count up) or a 15 (count down) is added to 
the digit passing through the adder. BCD correction 
(convert 10—* 0 or 15 —+#-9) and generation of 
the carry for the next digit are performed by monitor- 
ing the adder outputs. Whenever Sj and S3 are High 
simultaneously, a carry to the next digit is generated 
and data is corrected by activating the other input to 
the shift register, where a O (for count up) or a 9 (for 
count down) is applied. A modulo 8 counter (93L10 


9-39 


9307 7-SEGMENT DECODER 


EIGHT DIGIT ARRAY 


7-SEGMENT LEDs 


Ao Ai A2 A3 
93L01 1/10 DECODER 
Oo1r23 45678 9 
e O ) ) e O 


100 82 


33022 
TO ALL CP INPUTS 


and 93LO0l) keeps track of data position and controls the 
display position (cathodes of the LEDs). Anode informa- 
tion to the 7-segment LED array is generated from the 
outputs of the four shift registers through a 9307 7- 
segment decoder and seven current-limited npn drivers. 
The 93L00 control register performs three functions: 


@ Q> and Q3 are connected as a 2-bit shift regis- 
ter that detects the rising edge of the input (count) 


signal (digital differentiator). 


Q, delays this increment or decrement instruction 
until it can be used to preset the carry flip-flop. 
(Q is brought out as an input busy signal). 


@ Qois the carry flip-flop. 


This counter counts (up or down) asynchronous input 
signals at a maximum rate of 1/8 the clock frequency, 
which in turn is defined and limited by the timing re- 
quirements of the display elements and their decoder 
drivers. (7500 kHz for the LED scheme shown, only 
~~ 10 kHz for neon discharge displays). The clock rate 
can be increased by using a separate scan counter and 
holding register and by using full power MSI devices. 


SERIAL COUNTING WITH SHIFT REGISTERS 
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This circuit stores nine digits bit-serially in a 36- 
bit shift register comprised of two 9328 dual 8-bit shift 
registers and a 9300 4-bit universal shift register incre- 
menting or decrementing with an exclusive OR. Both 
this and the preceding counter offer very economical 
display multiplexing and are shown driving 7-segment 
light emitting diode displays. 


The circuit above operates as a crystal-controlled stop- 
watch, displaying milliseconds to hours on eight 7- 
segment light emitting diode display devices. The time 
counter is a 36-bit (9-digit) bit/serial incrementer (two 
93L28s, one 93LO00) controlled by a 3.6 MHz crystal 
oscillator and time base (9305, 93LO00, 93L10 and 
9301) so that the 10-second and 10-minute digits are 
counted modulo 6. A second set of shift registers stores 
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BATTERY OPERATED,CRYSTAL CONTROLLED STOPWATCH WITH MULTIPLEXED DISPLAY 


EIGHT DIGIT ARRAY 
OF 


7-SEGMENT LEDs 
(COMMON CATHODE) 


lg '7 


seconds 


minutes 


9301 1/10 DECODER 


AO Ay A2 A 


*All 9300, 9310, 9312 and 9328 devices 
in this circuit are Low Power version. 


display data independently of the state of the counter 
whenever the Stop contact is activated. The contents of 
the storage register are strobed every four clock pulses 
into a 93L00 feeding a 9307 7-segment decoder. This 
decoder, through current-limited buffers, drives the 
anodes of the 8-digit LED display matrix. The cathodes 
are sequenced by the 93LOI and eight pnp transistors. 
Since this counter requires 36 clock pulses to increment 
the least significant digit (1/10 ms, not displayed), the 
shift frequency is 360 kHz, derived from a 3.6 MHz os- 
cillator through a 9305 decade counter. In this case, the 
low count rate inherent to serial incrementers is ad- 
vantageous, resulting in a shorter divide chain for the 
time base. The use of low power MSI keeps total power 
consumption under 2.5 W and also simplifies clock dis- 
tribution. 
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SSI GATE, INVERTER, BUFFER SELECTION GUIDE 


Low Power Standard Speed | High Speed j|Super High Speed 
TTL TTL TTL TTL Schottky TTL 


8 ns/10 mW 20 ns/2 mW | 10 ns/10 mW 6 ns/22 mW 3 ns/19 mW 
per gate per gate per gate per gate per gate 


NAND GATES 
Quad 2-Input NAND Gate 
Quad 2-Input NAND Gate 
with Open Collector Output 
Quad 2-Input NAND Gate (15 V) 
Triple 3-input NAND Gate 
Triple 3-Input NAND (O.C.) 
Dual 4-Input NAND Gate 
Dual 4-Input NAND Gate (0.C.) 
8-Input NAND Gate 
13-Input NAND Gate 
12-Input NAND Gate (3-State Output) 


9H00,54/74H00 | 9S00,54/74S00 
9HO1.54/74H01 


9NO0,54/7400 
9NO1,54/7401 
9N03,54/7403 
9N26,54/7426 
9N10,54/7410 
9N12,54/7412 
9N20,54/7420 


9S03,54/74S03 


9H10,54/74H10] 9810,54/74S10 


9S20,54/74S20 
9S22,54/74S22 


9$133,54/74S133 
9$134,54/74S134 


9H20,54/74H20 
9H22,54/74H22 
9H30,54/74H30 


9N30,54/7430 


9NO2,54/7402 


Quad 2-Input NOR Gate 
Quad 2-2-2-4-Input NOR Gate 
Triple 3-Input NOR Gate 

Dual 4-Input NOR Gate (with strobe) 


9N27,54/7427 
9N23-25, 
54/7423-25 


9N08,54/7408 | 9H08,54/74H08 
9NO09,54/7409 


Quad 2-Input AND Gate 
Quad 2-Input AND Gate (O.C.) 
Quad 2-2-3-3-Input AND Gate 
Triple 3-Input AND Gate 

Triple 3-Input AND Gate (O.C.) 
Dual 4-Input AND Gate 


Quad 2-Input OR Gate anna 


EXCLUSIVE OR GATES 


~ Quad Exclusive OR Gate 9L86 9N86,54/7486 
Quad Exclusive OR Gate, Two Inverted Outputs 


AND/OR, AND/OR/INVERT GATES AND EXPANDERS 
Dual 4-2-Input AND/OR Gate 
Expandable 2-2-2-3-Input AND/OR Gate 

Dual 2-Wide 2-Input A/O/I Gate 

Expandable Dual 2-Wide 2-Input A/O/I Gate 
Expandable 2-Wide, 4-Input A/O/I Gate 
4-Wide 2-Input A/O/I Gate 

4-2-3-2-Input A/O/I Gate 

4-2-3-2-Input A/O/I Gate (O.C.) 

Expandable 4-Wide 2-Input A/O/I Gate 
Expandable 4-Wide 2-2-2-3-input A/O/I Gate 
Triple 3-Input Expander 

Dual 4-Input Expander 
3-2-2-3-Input AND/OR Expander 


INVERTERS AND BUFFERS | 


Hex Inverter 9016 9LO04 
Hex Inverter with Open Collector Output 9017 

Hex Inverter Buffer/Driver (30 V) 

Hex Inverter Buffer/Driver (15 V) 

Hex Buffer/Driver (30 V) 

Hex Buffer/Driver (15 V) 


9N11,54/7411 |9H11,54/74H11|] 9811,54/74S11 
) 9$15,54/74S15 


9H21,54/74H21 


9H52,54/74H52 
9N51,54/7451 | 9H51,54/74H51 
9005 9N50,54/7450 | 9H50,54/74H50 
9H55,54/74H55 
9L54 9N54,54/7454 | 9H54,54/74H54 
9S64,54/743564 


9S65,54/74S65 


9N53,54/7453 | 9H53,54/74H53 

9008 
9H61,54/74H61 

9006 9N60,54/7460 | 9H60,54/74H60 
9H62,54/74H62 


9N04,54/7404 | 9H04,54/74H04| 9S04-4A,54/74S04-4A 
9N05,54/7405 | 9H05,54/74H05| 9S05-5A,54/74S05-5A 
9N06,54/7406 
9N16,54/7416 
9NO7,54/7407 
9N17,54/7417 
9N37,54/7437 
9N38,54/7438 


Quad 2-Input NAND Buffer 

Quad 2-Input NAND Buffer (O.C.) 

Quad 2-Input NAND Buffer (O.C., 15 V) 

Dual 4-Input NAND Buffer 9009 
Dual 4-Input NAND 502. Driver 


9N40,54/7440 | 9H40,54/74H40} 9S40,54/74S40 
98 140,54/74S 140 


SCHMITT TRIGGER 


Dual NAND Schmitt Trigger Sa a G22] 
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TTL SMALL SCALE INTEGRATION 


INTRODUCTION 


SSI circuits (gates and flip-flops) are useful to extend logic 
functions available in MSI. They should be used sparingly, 
essentially as “glue” between MSI circuits, because they 
require considerably more PC board area, interconnections, 
power, and volume compared to equivalent functions avail- 
able in MSI circuits. 


GATES 


Fairchild offers a wide variety of compatible gate circuits, 
covering different logic families (NAND, NOR, EXCLUSIVE 
(NJOR, AND/OR/INVERT, BUFFERS) and different semicon- 
ductor technologies (DTL, standard TTL, low power TTL, high 
speed TTL and very high speed TTL (Schottky). Emitter 
Coupled Logic (ECL) is. covered separately. 


The TTL technologies offer various power/speed trade-offs, 
while DTL and open collector TTL circuits offer the con- 
venience of the wired-OR (collector ANDing). Typical input/ 
output configurations, performance and power dissipation 
are listed in the selection guide. 


The selection guide lists devices presently available. The 
functions are described in terms of positive logic. Obviously, 
a positive NAND gate can be considered a negative NOR 
gate and a positive NOR can be interpreted as a negative 
NAND. 


The normal use of TTL/DTL gates is well understood and need 
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not be covered here. The following notes describe miscellan- 
eous uncommon circuits. 


COLLECTOR-ANDed DTL GATES 


When several DTL gates are collector-ANDed, (wired-OR) the 
original fan out for 6 ka DTL gates (8.5 TTL unit loads) is 
reduced by approximately 2/3 unit load for each additional 
6 kQ output connected to the node. The original fan out for 
2 k2 DTL gates (7.5 TTL unit loads) is reduced by approxi- 
mately 2 unit loads for each additional 2 k2 output connected 
to the node. Obviously, High drive capability is improved. 


INCREASING THE VOLTAGE SWING OF TTL OUTPUTS 


When interfacing with MOS devices or discrete transistors it 
may be desirable to increase the logic swing out of a TTL out- 
put, which (worst-case) is only 2.0 V. A 1kQ resistor con- 
nected from any TTL output to Vcc will pull the output 
close to Vcc, increasing the output swing to more than 4 V, 
while decreasing the available fan out by three unit loads. 


DRIVING TRANSISTORS FROM DTL GATE OUTPUTS 


Any 2 kQ DTL gate output that does not drive any other logic 
can be tied directly to the base of a grounded emitter transis- 
tor to provide a worst case base drive of 1.5 mA. An addition- 
al pull up resistor of 4702 to Vcc increases the base drive 
to 10 mA. 


TTL SMALL SCALE INTEGRATION APPLICATIONS 


EDGE DETECTOR 


This edge detector circuit generates a negative-going tance. Anon-adjustable short pulse (Av20ns) on the Low- 
pulse on output A for each Low-to-High transition of to-High transition of the input can be generated by 
the input, and generates a negative-going pulse on out- replacing the transistor inverter stage with the unused 
put B for each High-to-Low transition of the input. The fourth NAND gate. 


pulse width is adjustable by varying the Miller capaci- 


DUAL EDGE DETECTOR 


Half of a 9014 quad Exclusive-OR gate with one ca- ting the clock in a self-clocking PDM transmission 
pacitor provides a circuit generating an output pulse system. When fed with a square wave input, this cir- 
for both a Low-to-High and a High-to-Low transition cuit acts as a frequency doubler. 

of the input signal. This function is useful for regenera- 
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TTL SMALL SCALE INTEGRATION APPLICATIONS 


SIMPLE RC CLOCK GENERATOR ACTIVE LOW ENABLE 


1002 «= 


3302 
1/2 9016 CLOCK 


An active Low Enable input can be provided by replac- 
ing the 9016 with a 9002 quad 2-input NAND gate as 
-shown above. The cross-coupled gates guarantee that 
clock pulses are not cut short if the Enable input is re- 
moved at the wrong time. Once the clock goes Low it 
stays Low for its full normal width even if the Enable 
signal is returned High. The clock pulse starts two gate 
delays (15 ns) after the High-to-Low transition of the 
Enable input. 


The simple TTL clock generator circuit shown provides 
a clock satisfactory for most simple TTL systems and 
it always starts oscillating without coaxing. This cir- 
cuit requires only 1/2 of a hex inverter package and 
three passive components -two resistors and a capacitor. 


INEXPENSIVE WIDE RANGE VOLTAGE CONTROLLED OSCILLATOR 


10kQ Ve 


a 


OUTPUT 


The voltage controlled oscillator shown uses 5/6 of a sistor of the DTL output as a controlled current source). 


DTL hex inverter package (9936 or 9937), three tran- 

sistors and two capacitors. It can be tuned over a wide A low input voltage (0.5 V) generates a high fre- 
range (>30:1) because the control voltage (Vc) affects quency, a high input voltage (-v4 V) generates a low 
not only the voltage swing on the timing capacitor (by frequency. The 10 pF speed-up capacitor provides 
using Q3 as a clamp), but it also controls the amount glitch free transitions. This circuit is limited to fre- 


of charging current by using Q1 and the pull up re- quencies under 1 MHz. 
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TTL SMALL SCALE INTEGRATION APPLICATIONS 


SINGLE AND DUAL FLIP-FLOPS 


Fairchild offers a wide variety of single and dual flip-flops 
with various differences in logic configuration, speed and 
power. Flip-flops presently available are listed in the selec- 
tion guide on the following page. 


There are three independent aspects to the selection of flip- 
flops: 


@ Logic configuration 
@ Speed and power 
@ Clocking scheme 


LOGIC CONFIGURATION 


All flip-flops (except for the 7474/74H74/74S74) are JK 
flip-flops; therefore, their response to any digital input con- 
dition is logically defined according to the truth table below. 


not active not active Qn, (i.e. remain unchanged) 
active not active High (= SET) 

not active active Low (= RESET) 

active active QO, (= TOGGLE) 


(Essentially J is a Set input and K is a Reset input, but apply- 
ing both J and K simultaneously toggles the flip-flop.) The 
flip-flops differ in the logic controlling the J and K condition. 
Some have no extra logic, others have a J * K Enable, some 
have a multi-input AND gate controlling J and K, and some 
have an AND/OR structure, accepting data from different 
sources. Note that some of the inputs are active Low. The 
K input is particularly useful since tying J and K together 
results in a D input. 


All flip-flops have an asynchronous, active Low Preset or 
Clear input, and some of them have both. On all flip-flops 
except the 7470, these inputs are truly asynchronous, affect- 
ing both master and slave directly. On the 7470 the Preset 
and Clear inputs are active only when the clock is Low. 


SPEED AND POWER 


As a rough guideline, typical values for maximum clock fre- 
quency and for the delay between clock edge and output 
change are given in the selection guide. For more details, 
consult the individual product technical data sheets. Power 
consumption varies between 50 mW for the 9L24 (the only 
Iqw power dual flip-flop) and 200 mW for the 9022. 


CLOCKING SCHEME 


Perhaps the most important and certainly the most confusing 
and misunderstood aspect of flip-flops is their clocking 
scheme. This defines when the flip-flop accepts data.and 
when the outputs change with regard to the clock. 
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While most MSI circuits follow consistent and simple rules 
(data is accepted a set-up time before the rising edge of the 
clock, and the outputs change after the rising edge of the 
clock), flip-flops are not that standard. 


There is a functional difference between edge-triggered and 
true master/slave flip-flops. In addition, some flip-flops use 
inverting clock buffers and others do not. As a result, there 
are four different clocking schemes, which are indicated in 
the selection guide by their clock wave shapes. 


Rising-Edge Triggered 


The 7470 single flip-flop and the 9024,9L24, and 7474 dual 
flip-flops accept data a set-up time before the rising edge of 
the clock and change their output after this rising edge of 
the clock. Clock pulse width is not critical as long as it ex- 
ceeds worst case set-up time. This is consistent with the 
behavior of most MSI devices. 


Falling-Edge Triggered 


The 74H101/102 single flip-flops and the 74H103/106/ 
108 and the 74S112/113/114 dual flip-flops accept data 
a set-up time before the falling edge of the clock and change 
their outputs after this falling edge of the clock. Their clock 
input is therefore shown with an inverting symbol. Inter- 
facing with most MSI devices requires a clock inverter unless 
this offset triggering is desired. 


Negative Clock Pulse Master/Slave 


The 9000/74104 and 9001/74105 single flip-flops and the 
9020/9022 dual flip-flops accept input data while the clock 
is Low and change their outputs after the rising edge of the 
clock pulse. (Of course, the clock pulse is not a negative 
voltage but rather a pulse going High to Low to High). The 
Set and Reset inputs to the master are gated with the outputs 
of the slave in order to achieve the JK configuration. There- 
fore, if an input condition has put the master into a state 
opposite that of the slave’s during a clock pulse, nothing can 
change the master until the beginning of the next clock pulse. 
This is commonly called ‘“‘ones-catching” (really “opposite 
state catching’), and in a conventional system it means that 
the clock pulse should be made as short as possible and the 
time between clock pulses as long as possible, for two reasons: 
to accommodate all ripple delays between clock pulses, and 
secondly, to increase ac noise immunity of the system. There 
are special cases where ones-catching can be used as an ad- 
vantage, but in general it must be regarded as an inherent 
drawback of all true master/slave JK flip-flops. 


Positive Clock Pulse Master/Slave 


The 7472/74H22 and the 74H71 single flip-flops and the 
7473/74H73, 7476/74H76, and 74H78 dual flip-flops 
accept input data while the clock is High and change their 
outputs after the falling edge of the clock pulse. As explained 
in the preceding paragraph, these master/slaves are ones- 
catching. Since their clock polarity differs from most MSI 
circuits, they usually require an external clock inverter. 


SSI SINGLE AND DUAL FLIP-FLOP SELECTION GUIDE 


| SINGLE 
OUTPUT CHANGES ON : 
POSITIVE GOING EDGE OUTPUT CHANGES ON NEGATIVE GOING EDG 


EDGE 
EDGE TRIGGERED MASTER/SLAVE TRIGGERED MASTER/SLAVE 


9000, 74104 
20 MHz/16 ns 


os 


9001,74105 
50 MHz/16 ns 


La 


9N70,7470 
35 MH2z/27 ns 


ae 


9020 
50 MHz/16 ns 


= Ea 


9022 
50 MH2/16 ns 


ae 


9024,74109 
25 MH2z/22 ns 
9L24 

8 MH2z/66 ns 
9S109 

100 MHz/7 ns 


I~ 


9N74,7474 

25 MHz/20 ns 
9H74,74H74 
43 MH2z/13 ns 
9S74,74S74 
100 MHz/7 ns 


=i 


9H71,74H71 
30 MHz/22 ns 


9H101,74H101 
50 MHz/16 ns 


ie iis 


9N76,7476 

20 MHz/25 ns 
9H76,74H76 
30 MHz/22 ns 


eye 


9H103,74H103 
50 MHz/16 ns 


he 


9H108,74H108 


5OMH2z/16 ns 


“We 


9S113,74S113 
125 MHz/5 ns 


les 


9N72,7472 

20 MH2z/25 ns 
9H72,74H72 
30 MHz/22 ns 


9H102,74H102 
50 MHz/16 ns 


Hee 


9N73,7473 © 9N107,74107 
20 MHz/25 ns 
9H73,74H73 
30 MH2/22 ns 


9H78,74H78 
30 MH2z/22 ns 


9H106,74H106 
50 MHz/16 ns 


“L 
9$112,74S112 


125 MHz/5 ns 


ie 


9$8114,74S114 
125 MH2z/5 ns 


“ies 


MASTER/SLAVE (or “ONES CATCHING” MASTER/SLAVE)-—The master is sensitive to input conditions during the active portion of the clock pulse. 
EDGE TRIGGERED - Only sensitive to input conditions immediately prior to active clock edge. 


TTL SMALL SCALE INTEGRATION APPLICATIONS 


JOHNSON (MOEBIUS) COUNTERS 


MODULO 3 


COUNT ENABLE 


9024 


With this modulo 3 Johnson counter, each state can be 
easily decoded with a 2-input NAND gate. As shown, 
the unused state is non-persistent. 


MODULO 4 
COUNT ENABLE 
& 


9024 


ow ~- Oo 


The modulo 4 counter also provides for glitch free, easy 
decoding of each state with a 2-input NAND gate. 


SWITCH BOUNCE ELIMINATOR AND 
DIGITAL DIFFERENTIATOR 


9002/7400 


This circuit eliminates switch bounce and generates 
active Low output pulses; one on output A after switch 
depression and one on output B after switch release, 
and a bounce-free level output C between them. 
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SWITCH SYNCHRONIZER 


In many digital systems, a switch is used to initiate a 
routine or program. This seemingly simple task poses 
several design problems for the following reasons. 


@ The switch is activated asynchronously 

@ It bounces 

@ It may or may not stay activated longer than it takes 
to complete the routine. 


The circuit shown above implements this function us- 
ing only one dual flip-flop, the 9020, and a single-pole 
double-throw (SPDT) switch. When the switch is not 
activated, FF A is set and FF B is reset (A B). Depress- 
ing the switch activates the K input of FF A, causing the 
next clock pulse to reset it (A B). This activates the J 
input of FF B, causing the subsequent clock pulse to set 
it (A B). The two flip-flops stay in this state regardless 
of any changes in the switch because the active Low K 
inputs from the switch are inoperative due to a Low 
level on the other K inputs. When the routine or pro- 
gram ends, the Response input goes High, causing the 
next clock pulse to set FF A (A B). If the switch has 
been released, the subsequent clock pulse:‘resets FF B 
(A B), returning the system to the idle state. If the 
switch has not yet been released, the AB state persists 
until the switch is released and the next clock pulse re- 
sets FF B, returning the system to the idle state. In 
either case, FF A can be used as a synchronous control 
flip-flop. 
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LOW POWER TTL 


PRESENTLY AVAILABLE LOW POWER MSI DEVICES 


DECODERS/DEMULTIPLEXERS —93L0O1_ 1-of-10 Decoder 
—93L11 1-of-16 Decoder 
—93L21 Dual 1-of-4 Decoder 


ENCODERS —93L18 8-Input Priority Encoder 


MULTIPLEXERS —93L09 Dual 4-Input Multiplexer 
—93L12 8-lInput Multiplexer 
—93L22 Quad 2-Input Multiplexer 


REGISTERS —93LO00 4-Bit Shift Register 
—93L28 Dual 8-Bit Shift Register 


93L38 | Multiport Register 


LATCHES Dual 4-Bit Latch 
4-Bit Latch 
8-Bit Latch 


OPERATORS —93L24 5-Bit Comparator 
| —93L40 4-Bit Arithmetic Logic Unit 
93L41 | 4-Bit Arithmetic Logic Unit 


COUNTERS —93L10 Decade Counter 
—93L16 Binary Counter 


PRESENTLY AVAILABLE LOW POWER SSI DEVICES 


INVERTERS — 9LO4 Hex Inverter (lead identical to 9NO4/7104) 


GATES — Q9LOO Quad 2-Input NAND (lead identical to JNOO/7400) 
— 9L54 4-Wide, 2-Input AND/OR/INVERT (lead identical to 9N54/7454) 
— 9L86 Quad EXCLUSIVE OR (lead identical to 9N86/7486) 


FLIP-FLOPS — 9L24 Dual JK Positive Edge Triggered Flip-Flop (lead identical 9024) 
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LOW POWER TTL 


INTRODUCTION 


Over the years, the demands of the computer, instrumenta- 
tion and communication industries have pushed TTL tech- 
nology to higher and higher speeds, culminating in the Schot- 
tky series of super high speed TTL. 


For a large number of applications, however, even standard 
TTL circuits are faster than required, and it is desirable to 
trade off the excess speed for a decrease in power consump- 
tion. LOW POWER TTL accomplishes this. Fairchild has a 
comprehensive line of low power TTL/MSI and SSI devices 
offering many advantages in slow and medium speed systems. 


All these circuits are derived from standard TTL/MSI and 
SSI circuits by effectively increasing all resistors by a factor 
of four. This reduces all currents, and therefore power con- 
sumption, by 75% while the speed is degraded 65%, (i.e., 
all delays are three times longer). 


This gives a new degree of freedom to the systems designer. 
He can use standard high speed circuits where speed is 
essential, and can use low power circuits for the sections of 
the system where speed is not critical. 


Fairchild’s line of low power TTL/MSI and SSI offers a unique 
combination of advantages. 


LOWER POWER CONSUMPTION 


Power consumption is reduced by 75%, resulting in smaller, 
cheaper power supplies or batteries, reducing the cost, size 
and weight of the equipment. 


LESS HEAT GENERATED 


Low power consumption means less heat is generated, sim- 
plifying thermal design. Thus, component and board den- 
sity can increase and fans or ventilation holes may be reduced 
or even eliminated. Because the low power circuits use the 
same chip size and package as standard circuits, junction 
temperatures are lower, increasing reliability. 


LESS NOISE GENERATED 


Since low power circuits switch only 25% of the current of 
standard circuits, they generate less noise. Thus, fewer or 
smaller power supply decoupling capacitors are needed, 
simplifying printed circuit board design. 


LESS NOISE SENSITIVITY 


Because it is inherently slower, low power TTL is less suscep- 
tible to fast, short duration noise pulses. 


ELECTRICAL AND LEAD COMPATIBILITY 


The fan out is only reduced by a factor of four, so all low 
power TTL outputs can drive more than one standard TTL 
load, and most can drive more than two unit loads. All! low 
power devices are functionally and lead identical with equiv- 
alent standard devices. Therefore, a design can easily be 
changed from standard to low power and vice versa, provided 
the loading rules are observed. 


INCREASED FAN OUT 


The effective fan out of standard TTL driving low power TTL 
is increased by a factor of four. Thus, a standard gate can 
act as a clock driver for 20 93L00 shift registers and a 9009 
buffer can drive as many as 120 low power inputs. 


IDEAL FOR MOS TO TTL INTERFACE 


The fan out from MOS circuits is usually quite limited, since 
MOS is inherently a high impedance process. Most modern 
MOS circuits provide a fan out of one standard TTL load, 
which means they can drive four low power TTL inputs. 


LONGER DELAYS CAN BE USEFUL 


Properly mixing fast and slow circuits can eliminate clock 
skew, glitch, and race problems. For example, a fast syn- 
chronous counter driving a slow low power decoder is less 
likely to produce glitches, and a properly designed mix of 
standard and low power shift registers can take advantage 
of the longer set-up and propagation times and can eliminate 
clock skew and clock distribution problems. 


LARGE NUMBER OF MSI FUNCTIONS 


The large number of MSI functions available in low power 
TTL makes it possible to design entire systems with low 
power TTL, drastically reducing power consumption. 
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SCHOTTKY TTL 


PRESENTLY AVAILABLE SCHOTTKY TTL/MSI 


MULTIPLEXERS 


OPERATORS 


DECODERS/DEMULTIPLEXERS 


93S$12 

93$13 

93S 153,54/74S153 
93S157,54/74S157 
93S158,54/748158 
93$253,54/74S253 
938257,54/748257 
93S258,54/74S258 


93$137 
93S8138,54/74S138 
93S 139,54/74S139 


93S41,54/74S181 
93S42,54/74S182 
93S43,25S05 
93S46 


93S47,71S60/81S60 High Speed 6-Bit Comparator (O.C.) 


93S62,82S62 


REGISTERS 


COUNTERS 


MEMORIES 


93S00,54/74S195 
93S39 

93S174,54/748174 
93S175,54/74S175 
93S 194,54/74S194 


938404 


8-Input Multiplexer 

8-Input Multiplexer with 3-State Output 

Dual 4-Input Multiplexer 

Quad 2-Input Multiplexer 

Quad 2-Input Multiplexer 

Dual 4-Input Multiplexer with 3-State Outputs 
Quad 2-Input Multiplexer with 3-State Outputs 
Quad 2-Input Multiplexer with 3-State Outputs 


1-of-8 Decoder with Input Latches 
1-of-8 Decoder/Demultiplexer 
Dual 1-of-4 Decoder /Demultiplexer 


4-Bit Arithmetic Logic Unit 
Carry Lookahead 

Twos Complement Multiplier 
High Speed 6-Bit Comparator 


9-Bit Parity Generator/Checker 


4-Bit Universal Shift Register 
8-Bit Multiport Register (to be announced) 
Hex D Flip-Flop/Register 

Quad D Flip-Flop/Register 

4-Bit Bidirectional Shift Register 


High Speed Variable Modulo Counter 
Edge Triggered, Fully Synchronous Decade Counter 
Edge Triggered, Fully Synchronous 4-Bit Binary Counter 


16-Word x 4-Bit Read/Write Memory (to be announced) 


PRESENTLY AVAILABLE SCHOTTKY SSI 


NAND GATES/HEX INVERTERS 


AND GATES 


NAND BUFFER/DRIVER 


AND/OR/INVERT GATES 


AND/OR GATE 
DUAL D FLIP-FLOP 
DUAL JK FLIP-FLOPS 


9S00,54/74S00 
9S03,54/74S03 
9S04,54/74S04 
9SO04A 
9S05,54/74S05 
9SO5A 

9S 10,54/74S10 
9S20,54/74S20 
9S22,54/74S22 
9S 133,54/74S133 
9S 134,54/7438134 


9$11,54/74S11 
9$15,54/74815 
9S41 


9S40,54/74S40 
9S 140,54/74S140 


9S64,54/74564 
9S65,54/74S65 


9S42 
9S74,54/74S 74 


9$109,54/748109 
9$112,54/74S112 
9$113,54/74S113 
9$114,54/748114 


Quad 2-Input NAND Gate 

Quad 2-Input NAND Gate (O.C.) 
Hex Inverter 

High Speed Hex Inverter 

Hex Inverter (O.C.) 

High Speed Hex Inverter (O.C.) 
Triple 3-Input NAND Gate 

Dual 4-Input NAND Gate 

Dual 4-Input NAND Gate (O.C.) 
13-Input NAND Gate 

12-Input NAND Gate (3-State Output) 


Triple 3-Input AND Gate 
Triple 3-Input AND Gate (O.C.) 
Quad 2-2-3-3 Input AND Gate 


Dual 4-Input Buffer 
Dual 4-Input Line Driver 


4-2-3-2 Input A/O/I Gate 
4-2-3-2 Input A/O/I Gate (O.C.) 


Dual 4-2 Input A/O Gate 
Positive Edge Triggered D Flip-Flop 


Positive Edge Triggered JK Flip-Flop 

Negative Edge Triggered JK Flip-Flop 
Negative Edge Triggered JK Flip-Flop 
Negative Edge Triggered JK Flip-Flop 
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SCHOTTKY TTL 


INTRODUCTION 


Modern TTL systems can be operated at clock rates over 
20 MHz. For considerably faster systems the obvious choice 
is Emitter Coupled Logic (ECL) which can be operated at sys- 
tem clock rates in excess of 100 MHz, and count up to 500 
MHz. But, ECL uses different supply voltages (-5.2 V, -2 V), 
has less absolute signal swing and noise margins and imple- 
ments logic in a manner unfamiliar to many TTL designers. 


In a system not requiring the speed of ECL, but more speed 
than conventional TTL offers, Super High Speed (Schottky) 
TTL is an excellent choice. Schottky TTL circuits, logic con- 
figurations, supply voltages and logic levels are identical or 
very similar to conventional TTL, but Schottky circuits avoid 
the saturation delay inherent in saturated logic. In such logic 
(RTL, DTL, TTL) transistors are turned on by applying suf- 
ficient base current for the lowest expected current gain. 
The average transistor, therefore, receives far more base cur- 
rent than necessary, which forward biases the collector base 


2-INPUT NAND GATE 


Vcc 


2.8kQ 


INPUTS 


OUTPUT 
Y 
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junction and saturates the transistor. In order to turn off 
such a saturated transistor, the excess base charge mustfirst 
be removed, resulting in considerable delay. Gold doping is 
commonly used to speed up the charge recombination, but 
this decreases the current gain. 


Schottky transistors overcome this limitation. They use a 
surface barrier diode with very low forward voltage drop 
(0.3 V) and without minority carrier charge storage as a by- 
pass between base and collector. When the transistor starts 
conducting and is about to become saturated, the excess in- 
put current is not fed into the base, but routed through the 
Schottky diode into the collector (Baker Clamp). As a result, 
the transistor is never fully saturated and recovers fast when 
the base current is interrupted. Since gold doping is not re- 
quired, the transistors also have higher current gain, require 
less base current, and turn on faster. 


SCHOTTKY TRANSISTOR 


SCHOTTKY TTL 


ADVANTAGES OF SCHOTTKY TTL 


@ Through delay is significantly reduced to about half of the 
delay for High Speed TTL and one third of the delay for 
standard TTL. This means shorter delays through com- 
binatorial circuits, shorter propagation delays and set-up 
times for sequential circuits and faster possible clock rates. 
A Schottky device used as a memory address register is 
one of the most inexpensive and attractive methods of 
improving the performance of a high speed memory system. 


@ Even though the static power consumption of Schottky 
circuits is generally higher than conventional TTL, it does 
not increase as rapidly when the circuit is operating at 
high clock rates. In a fast system, the actual power con- 
sumption (static and dynamic) of a Schottky device may 
be less than its equivalent conventional TTL device. 


@ Schottky input clamp diodes (0.3 V) are more efficient 
and suppress ringing better than the clamping diodes of 
conventional TTL (0.6 V). 


@ Most Schottky TTL devices are logic, electrical and lead 
equivalents to conventional TTL devices. This makes 
them idea! for improving existing systems because inter- 
face elements, new supply voltages and basic design 
changes are not required. 


GENERAL RECOMMENDATIONS 


DISADVANTAGES OF SCHOTTKY TTL 


In addition to very attractive advantages, Schottky TTL has 
some significant disadvantages over conventional TTL. 


@ Schottky TTL achieves high performance not only by elim- 
inating saturation delays (which is always desirable) but 
also with considerably faster output transitions. The 
edge rate of Schottky TTL outputs is typically >1 V/ns 
(>1000 V/us), or two to three times steeper than con- 
ventional TTL and three to five times steeper than the 
popular ECL circuits of the 10K and 95K families. This 
high edge rate causes ringing and other transmission line 
effects on even moderately long (5-10 inches) PC board 
interconnections. 


@ It is difficult to terminate Schottky interconnections pro- 
perly without wasting fan out capability and power. 


@ Because the Schottky output transistor does not saturate, 
VOL (max) is 0.5 V and noise immunity in the Low state is 
100 mV less than conventional TTL. Instead of 400 mV 
worst case it is 300 mV worst case when Schottky TTL 
drives conventional High Speed or Standard TTL, and 
200 mV worst case in the exceptional situation when 
Schottky TTL drives Low Power TTL. 


High edge rate and reduced noise margins demand very careful PC board layout and much attention to interconnection 
length, ground and Vcc distribution, decoupling, cross talk, and clock distribution problems. It is wise to follow | 


these general recommendations. 


@ Keep interconnections short 


@ Use wide, low inductance ground lines or better yet, 
dedicate one side of a double sided PC board to 
ground and Vcc (ground plane). 


@ Use generous, distributed supply decoupling with 


RF type capacitors 


@ Apply series or parallel termination of long inter- 


connections, but watch the resulting loss in fan out. 
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MONOSTABLE SELECTION GUIDE 


*Not recommended for new designs, use 9600, see comments below. 
**Not recommended for new designs, use 9602, see comments below. 


Typical Pulse 
Width Variations (%) 
For Commercial Grade Devices 


Number 
Of Inputs 


Minimum Output Power 
Pulse Width, Dissipation, 


Function o°c — 70°C | 4.75 —5.25V Resettable ns (typ) mW (typ) 


Single 
Retriggerable 9600 
9601 


Dual 9602 
Retriggerable 96LO02 


Single Non- 
Retriggerable 9603,74121 


Single 
Retriggerable 74122* 


Dual 
Retriggerable 74123** 


9601 The original retriggerable monostable. 


Advantages — Independent of duty cycle up to 100%. 
Retriggerable or non-retriggerable operation. 


Disadvantages — Temperature coefficient ~ 1 o-3/°¢, 
No Schmitt triggered input. 
9600 Reset = Clear = Terminate input added to the 9601, 


outputs come from a latch (reset overrides). 


Advantages — Temperature coefficient better than 1 0-3/°C. 


9602 Two 9600s in a package, but with fewer trigger inputs. 


Advantages — OR inputs allow non-retriggerable as well as 
retriggerable operation on either edge. Fewer parts. 


Disadvantages — Fewer trigger inputs. 
96LO2 Low Power version of the 9602. When Speed Permits, 
Always Use the 96L02! 


Advantages — Less power, smaller timing capacitor requir- 
ed. Wider resistor range, (5 k Q to 220 k QQ). Excellent 
temperature stability (0.15 © 10-3/°C). 


Disadvantages — Fewer trigger inputs. 
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9603/74121 The simplest monostable. 


Advantages — Excellent temperature stability (< 0.1¢ 
10-3/7°C. One input has hysteresis (Schmitt trigger). 


Disadvantages — Non-retriggerable; duty cycle sensitive. 
Do not use when duty cycle exceeds 60 - 80%. 


74122 A poor imitation of the 9600. 


Disadvantages — Reset input tied internally to one of the 
AND trigger inputs. Removing Reset causes the 74122 to 
trigger if input logic is True (1 + 2).¢ 3 @ 4. 


74123 A poor imitation of the 9602. 


Disadvantages — Triggered by AND gate, thus cannot be 
connected in the non-retriggerable mode without external 
gates. Chip layout and lead assignment cause crosstalk 
which is very difficult to overcome with external de- 
coupling. Reset input tied internally to one of the AND 
trigger inputs. Removing Reset causes the 74123 to trigger 
if input logic is True (1 + 2). 


MONOSTABLE MULTIVIBRATORS 


INTRODUCTION 


A monostable multivibrator is a half analog/half digital 
circuit that produces a pulse on its output in response to a 
trigger signal at its input. The output pulse width is deter- 
mined by a resistor/capacitor network. 


The 9600 series integrated circuit monostable multivibrators 
(or one-shots) were designed for ease of application as gen- 
eral purpose delay elements. Without these one-shot circuits, 
a discrete component one-shot must be built each time a 
delay element is needed. Also, the 9600 series offers several 
advantages over the discrete component and earlier integrat- 
ed circuit one-shots, i.e., DTL 941, DTL 951: 


@ Retriggerable — the devices can be restarted during a 
timing cycle (9600, 9601, 9602, 9Y6LO2, 74122 and 
741 23). 


@ Resettable — a timing cycle can be stopped while in pro- 
gress and/or inhibited at its start (9600, 9602, 96LO2, 
74122 and 74123). 


@® DTL/TTL Compatible — edge triggered inputs provide 
reliable operation with normal TTL input signal levels. 
Also, Schmitt trigger inputs provide reliable triggering on 
waveforms as slow as 1 V/s (9603/741 21). 


@ Operation from a single +5 V supply. 


@ Large timing pulse width range. 
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On the other hand, because these monostables are half analog 
and half digital, they are inherently more sensitive to noise 
on the analog portion (timing leads) than standard digital 
circuits. They should not be located near noise-producing 
sources or transient-carrying conductors and liberal power 
supply by-passing is recommended for greater reliability and 
repeatibility. Also, a monostable should not be used as a fix 
for asynchronous systems; synchronous design techniques al - 
ways provide better performance. 


TRIGGERING CONDITIONS 


Each of the monostable multivibrators in the 9600 family 
has multiple inputs to allow triggering of the device on either 
the Low-to-High or High-to-Low transition of the input wave- 
form. The devices trigger whenever the value of the input 
logic equation goes from a False to a True condition. To 
retrigger the 9600, 9601 or 9602, the input logic equation 
must go from a False to a True condition again (the 9603/ 
74121 is not retriggerable). A continuous True state of the 
input logic equation does not retrigger the device and time 
out occurs. Only the False-to-True transition triggers or re- 
triggers the devices. 


The Boolean expressions for triggering the devices, truth 
tables and logic symbols appear in the ‘Description’ sections 
for individual devices. 


MONOSTABLE MULTIVIBRATORS 


NON-RETRIGGERABLE OPERATION 


NEGATIVE EDGE TRIGGER 


1/6 9016 


POSITIVE EDGE TRIGGER 


NEGATIVE EDGE TRIGGER 


POSITIVE EDGE TRIGGER 


Note: 


Unused active level High inputs should be tied High. A floating 
(unconnected) input is technically in a High logic state, but 
noise immunity is greatly impaired. 


When non-retriggerable operation is required, i.e., when 
input triggers are ignored during the output cycle, input gat- 
ing is used to inhibit retriggerability. This configuration may 
be used for frequency division of a fixed frequency input. 
Selecting appropriate values of Ry and C, causes the one- 
shot to retrigger on some multiple of the input pulses. Note 
that the 9600 and 9601 require an inverter for non-retrigger- 
able operation using Low-to-High transitions as triggers. The 
9602 input gating allows non-retriggerable operation using 
either positive or negative triggers with no external inverter 
required. The 9603/74121 is a non-retriggerable mono- 
stable, and requires no external wiring or inverter to perform 
this function. 


13-4 


TIMING EQUATIONS AND NOMOGRAPHS 


The timing equation for the 9600, 9601 and 9602 mono- 
stable multivibrators is: 


A2 
t= ARC; 1+ Rp 


where R; and C; are the timing resistance and timing 
capacitance and Ay, and Ag are multiplication 
constants. 


The timing equation represents the sum of the charge cycle 
time and the discharge cycle time. 


tcharge = A1R Ct 


A2 
tdischarge = A1RrCt (32) = AyA2G 


The Ay multiplication constant was derived by circuit 
analysis and verified empirically. For the 9600 and 9601, 
Ay = 0.32, for the 9602 A, = 0.31. 


The A> constant was similarly determined and verified to 

be 0.7 kQ for the 9600, 9601 and 1.0 kQ2 for the 9602. 

Thus the timing equations for the 9600, 9601, and 9602 are: 
f 


0.7 kQ 
9600: t= 0.32 RC, (1+ — 
t 
9601: t= 0.32 RC} (: a) ) 
Rt 
1.0 kQ 


The above equations apply only to capacitor values greater 
than 1000 pF. For timing circuits using less than 1000 pF, 
see Typical Pulse Characteristics curves to determine output 
pulse width. The above timing equations have a nominal 
prediction accuracy of +10%. Thus for precise pulse width 
applications, trimmer resistors and/or trimmer capacitors 
should be used to allow setting of the output pulse width to 
the desired value. | 


The equation t = 0.32 RyC; may be solved on a nomograph. 
A straightedge intersecting all three scales is used to solve 
for either t, Ry or C, when the other two variables are known. 
The nomograph does not include the discharge cycle time 
and therefore is not as accurate as the timing equations. 
The graphical solution is a good approximation of the values 
needed to obtain a given pulse width. 


MONOSTABLE MULTIVIBRATORS 


9600, 9601, 9602 TIMING NOMOGRAPH 


C>1G3 pF 


t 


TOC Eye, 


2 7 etme Oo Moncey 
f t=0.32R,C, 


~~ SCALING 
t C, 
ys pF x 102 
pF x 104 
pF x 10° 


pF 


us x 10 
ps x 100 


ms 


EXAMPLE: Wantt= 150 ms 
Have C, = 22 uF 
Use Ry =21.3kQ 


ms x 10 
ms x 100 


S 


uF x 10 
uF x 100 
uF x 103 


*Approximate equation neglects discharge portion of timing 
cycle (usually small relative to main or charge cycle time). 


The 96L02 is a low power version of the 9602 and has essent- 
ially the same circuitry. However, the resistor values in the 
96LO2 circuit are four times the values of those in the 9602 
circuit. The timing equation is: 


3.0 kQ 
Re 


for Cp> 103 pF 


The nominal accuracy of the timing equation is +10% as long 
as the capacitor leakages are < 1 pA at 5 V forward bias and 
< 1.6 pA at 1 V reverse bias. A distinct advantage of the 
96LO2 is the increased allowable timing resistor range. For 
the O - 75° temperature range device, R; may be any 
value from 16 to 220 kQ. 
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9603 TIMING NOMOGRAPH 


t= RC, log,2 


= 0.69 RC, 


SCALING 
ft Cy 
ns x 10 pF x 10* 
ns x 100 pF x 100 
us pF x 103 


ys x 10 pF x 104 


us x 100 
ms 

ms x 10 
ms x 100 


pF x 10° 
UF 

yF x 10 
uF x 100 


*Note: Minimum output pulse width is typically 30 ns. 


EXAMPLE: Wantt= 50 ps 
Have C, = 3.3 x 10° pF 


= 0.0033 uF 
Need Ry = 21.7kQ. 


The timing equation for the 9603/74121 consists of the 
charge cycle time only. Since the 9603/74121 is not retrig- 
gerable, the charge cycle time alone determines the output 
pulse width (The discharge cycle occurs after time out instead 
of during the timing cycle.) The timing equation is: 


t= R,C,log,2 


The timing equation may be solved on the nomograph. A 
Straight line connecting a C; value and an R, value intersects 


the t line so that t = C,R,log,2. Scale factors relating C, andt 
are included. 


MONOSTABLE MULTIVIBRATORS | 


TYPICAL CHARACTERISTICS 


Atpwiout) - % 


Atpwiout) - % 


Atpw(out) - % 


Atpw(out) - % 


Output Pulse Width Variation 
vs Ambient Temperature 


9600/9602 


Atpwiout) -% 


Atpw(out) - % 


Output Pulse Width Variation 
vs Power Supply Voltage 


9600/9602 


Rr = 10. ka 
Cy = 103 pF 


Ta = 25°C 
= 10.k2 
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tpw(out) - Ss 


tpwi(out) ~ 1S 


tpw(out) - BS 


\tpw(out) - 7% 


Output Pulse Width 
vs Timing Capacitance 


(Cy < 10 3 pF) 


; 9600/9602 
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Output Pulse Width Variation 


vs % Duty Cycle 
9600,9601,9602,96L02 


Duty Cycle - % 


MONOSTABLE MULTIVIBRATORS 


USE OF ELECTROLYTIC TIMING CAPACITORS 


When long output pulse widths are required, large value 
capacitors, usually electrolytic capacitors, are needed. While 
electrolytic capacitors have the advantage of a high capaci- 
tance to volume ratio, they also have the disadvantages of 
high leakage current and large capacitance tolerances. 


As previously indicated, the prediction accuracy of the timing 
equations for the 9600, 9601, and 9602 is +10%. This toler- 
ance only accounts for the device-to-device variation, and 
does not include the effects of timing capacitor leakage cur- 
rent or the value tolerances of the timing resistor or capacitor. 
(It also excludes Vcc and temperature variations from the 
nominal 5 V Vcc at 25°C.) The timing capacitor leakage 
current has a negligible effect on the timing cycle of the 
9600, 9601, 9602 if the leakage is less than 3 pA at 5 V 
forward bias and less than 5 wpA at 1 V reverse bias over the 
operational temperature range. If the leakage currents are 
less than the above values, an electrolytic capacitor may be 
used normally without special circuit modifications; the pre- 
diction accuracy of the timing equation (exclusive of timing 
resistor or capacitor tolerances) remains at +10%. The 
96LO2 requires 1/3 the above leakage currents for proper 
operation, i.e., <1 pA at 5 V forward bias and <1.6 PA at 
1 V inverse bias. For the 9601, the differential voltage across 
the timing capacitor is +750 mV. Over temperature and Vcc 
the maximum differential voltage can be expected to be less 
than +1 V. This requires the capacitor to withstand a repeated 
-1 V without degradation in the normal R;C; configuration for 
satisfactory one shot operation. Since most tantalum elec- 
trolytic capacitors are rated for safe reverse bias operation 
at up to 5% of their working forward voltage rating, a 20 
WVDC capacitor should be used. Capacitor leakage current 
is usually specified as a constant plus a CV product. This 
CV product may make the capacitor too “‘leaky’’ for good 
operation if higher working voltage ratings are used. It is 
helpful to know what working voltage rating provides safe 
operation at a maximum of 1 V reverse bias. If the capacitor 
leakage is greater than 3 pA at 5 V forward bias and greater 
than 5 uA at 1 V reverse bias, one of the following two protec- 
tive arrangements can be used. 


TIMING NETWORK — Diode Protective Arrangement 


Ct RrCt 
TIMING TIMING 
LEAD LEAD 


A diode may be added to the timing network as shown above. 
While this circuit allows the use of capacitors with greater 
inverse leakage, it reduces the prediction accuracy of the 
timing equation and imposes a more restricted timing resis- 
tor range. 


The timing fomula is now: 
t =0.3 RC; where R < 0.6 Remax) 


The accuracy of this equation (not including the tolerances of 
the timing resistor or timing capacitor) is about 20%. Since 
the V; of the diode is uncompensated, the output pulse 
width variation over the temperature range is increased. 
Variations in the diode forward conductance will contribute 


‘to the degradation of the accuracy of the above equation. 


The diode is intended to operate as a fixed offset voltage 
device to move the differential voltage across the capacitor 
up from +1 V to O to +2 V. However, the current through the 
diode varies during the timing cycle and therefore causes the 
diode forward voltage drop to vary. This can cause the second 
discharge cycle (in response to a retrigger input) to be less 
complete than the initial discharge cycle. Since excess charge 
can be present on the capacitor during the second (retrigger) 
cycle, this cycle can be much shorter than predicted by the 
timing equation. The net effect may be early time out on sub- 
sequent cycles. The diode configuration is not recommended 
for applications requiring retriggerable operation, or for use 
over wide temperature ranges. 


TIMING NETWORK — Transistor Capacitance 
Multiplier Arrangement 


Ct RrCt 
TIMING LEAD TIMING LEAD 


In this circuit, a larger timing resistor is used to obtain long 
output pulse widths. Timing capacitors with high inverse 
leakage may also be used since the emitter base junction pre- 
vents the capacitor from being reverse biased. The transis- 
tor Q1 can be any silicon npn transistor with good Beta at 
low collector currents such as the 2N5961 or 2N5962. 
The collector resistor Ry must be in the range of 5 to 
50 kQ (commerical grade) or 5 to 25 kQ (military grade); 
the lower values (5 to 10 k{2) are preferred for improved 
Beta linearity. The timing resistor value is limited to a range 
of 5 k22 to 0.7 (htag4) Ry or an upper limit of 2 MQ, which- 
ever is smaller. The timing equation is t = 0.3 RC. 


The prediction accuracy of the above equation is worse than 
that for the circuit using the diode. The output pulse width 
may be more than 30% from the predicted value, depending 
on the particular transistor and the forward leakage of the 
timing capacitor. 


This circuit also is more temperature sensitive than the nor- 
mal (Ry and C; only) circuit. It is not recommended when 
retriggerable operation is required for the same reasons out- 
lined in the discussion of the diode arrangement. In summary, 
electrolytic capacitors with low leakage currents are recom- 
mended to obtain the highest accuracy and temperature sta- 
bility where long output pulse widths are required. 


MONOSTABLE MULTIVIBRATORS 


SPECIAL CONSIDERATIONS 


The monostable multivibrator is a practical building block for 
many applications but it is not a panacea for all system de- 
signs. Many times, system performance can be improved by 
using other types of delay elements. For example, a memory 
subsystem sequencer can be built with a chain of one shots, 
but tighter timing tolerances are obtained with a crystal os- 
cillator and a Johnson (twisted ring) shift counter and de- 
coder. For time delays over 1.5 s, or timing capacitors over 
100 uF, it is usually better to use a free running astable multi- 
vibrator and a couple of inexpensive decade counters (7490) 
to generate the equivalent of a long delay one shot. Astable 
oscillators made with monostable building blocks have sta- 
bilities approaching 5 parts in 100 and should not be used if 
system timing is critical. Crystal oscillators provide better 
Stability. 


In all one shot applications follow these guidelines: 


@ Use good high frequency 0.1 uF (ceramic disk) capacitors, 
located 1 to 2 inches from the monostable package, to by- 
pass Vcc to ground. 


@ Keep timing components (R;, C;) close to the package 
and away from high transient voltage or current carrying 
conductors. 
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Keep the OQ output trace away from the “’C only” lead; the 
negative-going edge when the one shot times out may 
cause the C lead to be pulled down, which may restart the 
cycle. If this happens, constantly High (Q = H, O = L) out- 
puts with 50 ns Low spikes will occur at the repetition rate 
determined by Ry and C;. If sufficient trace isolation 
cannot be obtained, a 50 pF capacitor bypassing the C 
lead to ground usually cures the problem. 


Beware of using the diode or transistor protective arrange- 
ment when retriggerable operation is required; the second 
output pulse may be shorter due to excess charge left on 
the capacitor. This may result in early time-out and ap- 
parent failure of retriggerable operation. Use a good capa- 
citor, one that is able to stand 1 V in reverse and meet the 
leakage current requirements of the particular one shot. 


Remember that the timing equation associated with each 
device has a prediction accuracy. Generally, for applica- 
tions requiring better then +10% accuracy, trimming to 
pulse width is necessary. 


Applications involving the 9601 such as the Schmitt trig- 
ger and the “unstoppable” astable oscillator will not work 
with the 9600 or 9602 since the latter have a latch circuit 
controlling the outputs whereas in the 9601, the internal 
Schmitt trigger controls the outputs. 


9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 


DESCRIPTION 


lo 1) Ia Ig. OPERATION 


INPUTS LOADING 


H>L H H H Trigger High 1 UL 
H HL H H Trigger Low 1 UL 
L X L~H H Trigger 

13 | 
x Oo eel fg Trager OUTPUTS DRIVE 
L X H L+H Trigger High 16 UL 
xX L H L+H Trigger Low 8 UL 
Ct Rt 


+5 V 

SCHMITT 

TRIGGER 
J 


DIFFERENTIATOR 


DISCHARGE 
MONOSTABLE 


The 9601 provides an output with duration and accura- @ A flip-flop with reset which acts as a differentiator 
cy a function of external timing components. It has four 
inputs, two active High and two active Low, that allow 
a choice of leading edge or trailing edge triggering. @ An emitter coupled Schmitt trigger used as a com- 
The TTL inputs make triggering independent of input parator 

transition times. The 9601 has five subcircuits; 


@ A monostable for timing capacitor discharge 


@ An output logic drive circuit to provide both High 
@® Input trigger gating logic and Low (Q and Q) outputs. 


9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 


DESCRIPTION 


Vec 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 


OPERATION 


The five subcircuits of the 9601 are: Input trigger gat- 
ing logic, Q1 - Q4 plus the trigger transistor O5; A flip- 
flop, Q6 and Q7 with reset 08; A monostable, Q12 
and Q9; An emitter coupled Schmitt trigger, Q10 and 
Q11; An output logic drive circuit, Q13 - Q21. 


In the quiescent state, Q5 is off and the discharge mono- 
Stable is in its stable state (Q12 ON, Q9 OFF). The 
Schmitt trigger is held on (Q10 ON, Q11 OFF) by the 
holding current through the timing resistor R;. With 
Q11 OFF, Q13 is held on and the O output is held Low 
by current through the base collector junction of Q14. 


To initiate a timing cycle, Q5 is turned on by the input 
trigger gating logic Q1 - Q4, and the differentiator 
flip-flop is set (Q6 OFF, Q7 ON) when Q5 goes into 
saturation. When Q7 turns on, Q15 is turned off through 
the emitter of Q14, thus forcing the Q output to go 
High and the Q Output to go Low. When Q7 turns on it 
also sets the discharge monostable (Q12 and Q9) to its 
unstable state (Q12 OFF, Q9 ON) by turning Q12 off 
with current through D8. The extra emitter on Q9 al- 
lows Q9 to turn on at the same time that Q12 turns off. 
Turning Q12 off allows Q8 to supply base drive to Q6, 
turning Q6 on and restoring the differentiator flip-flop 
to its stable state (Q6 ON, Q7 OFF). Thus, the collector 
of Q7 produces a narrow, negative going pulse approxi- 
mately 50 ns wide. Simultaneously, the collector of 
Q9 pulls the base of Q10 down and resets the Schmitt 
trigger (Q10 OFF, Q11 ON). Q11 causes Q13 to turn 
off, removing the base drive to Q15. This insures that 
Q15 remains off with the Q output High during the re- 
mainder of the timing cycle. Q14 provides a speedup 
path to bypass the time delay through the Schmitt trig - 
ger section. When the discharge monostable is set 
(Q12 OFF, Q9 ON), timing capacitor C; is allowed to 
discharge (actually charge in reverse) into the collector 
of O9 and D9, with current supplied through the 1.5kQ 
resistor on the base of Q12. After C; loses sufficient 
charge, the emitter base junction of 012 is forward 
biased, turning Q12 on; the monostable now returns to 
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its stable state (Q12 ON, Q9 OFF). C, then begins 
charging toward Vec through R;. Because the 1.5 kQ 
resistance is much less than R;, discharge time is only 
a small percent of the total timing cycle. During the 
charge portion of the timing cycle, C, charges with the 
charge path through the base emitter junction of Q12 
and D9 and charge current supplied through Ry. 


When the timing capacitor is charged to the threshold 
of the Schmitt trigger, the timing cycle ends as Q10 
turns on and Q11 turns off. As Q11 turns off, Q13 
turns on, turning Q15 on again through the base 
collector junction of 014. As Q15 goes on, the QandQ 
outputs are restored to their quiscent states: Q is Low 
and Q is High. The Schmitt trigger input impedance 
changes from high to low when input voltage exceeds 
threshold voltage. This input impedance remains low 
as long as the voltage does not drop below the turn 
off threshold. Thus, the timing capacitor discharges in- 
to the base of Q10 and the 86092 emitter resistor of 
Q11. The maximum limit on the value of the timing re- 
sistor insures that Q10 receives sufficient base drive to 
remain on after the timing capacitor has discharged 
(off state). Because the Schmitt trigger remains fired, 
the Q and Q outputs remain in their quiescent states 
(Q=L, Q=H). The minimum value for the timing re- 
sistor insures that Q9 is not unsaturated during the dis- 
charge cycle by excess collector current. 


Retriggering of the 9601 occurs when OS is turned off 
and then on unless the discharge monostable is already 
in the unstable state (Q12 OFF, O9 ON). Retrigger 
pulses are ignored during the discharge cycle because 
the cycle is self-sustaining and only resets when C; has 
discharged enough to forward bias the base emitter junc- 
tion of Q12, allowing the discharge monostable to reset. 
Retrigger pulses, occuring after the discharge cycle but 
before the Schmitt trigger turns on to end the timing 
cycle, cause the discharge cycle to Start again but the 
outputs remain in the High state (O =H, O =L). 


9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 


TIMING WAVEFORMS 


0 OUTPUT ener sersne ene és 


Vac -Vc = 


a. SINGLE TIMING CYCLE 
To INPUT sates 
Q OUTPUT 


VRC 


Ve “7 


Vac~ Vo i 


c. RETRIGGERS DURING DISCHARGE CYCLE 
ARE IGNORED 


lo INPUT » 
Q OUTPUT 


e. RETRIGGERABLE OPERATION 
Ve > Ve QUIESCENT 


Typical waveforms of a single timing cycle are shown 
in a above. The top waveform is the input trigger (the 
monostable triggers on the negative edge of the input 
trigger). The second trace is the Q output. The third 
trace is the voltage waveform at the RC lead (input 
to Schmitt trigger), and the fourth trace is the voltage 
waveform at the C lead (base of Q12). The fifth trace 
is the differential voltage across the timing capacitor. 


On the negative edge of the trigger input (point A in a), | 


trigger transistor Q5 turns on, firing the differentiator 
flip-flop. The negative going pulse at Q7 causes: the 
discharge monostable to set; the C lead (base of Q12) 
to be pulled down (trace 4) by D8; the RC lead to be 
clamped to VCE(SAT)O9 + Vpg and; the Schmitt trig- 
ger to reset O11, causing the Q output to go High and 
the O output to go Low. 


The timing capacitor charges in the reverse direction 
until the base emitter of Q12 is forward biased (point 


2.3 Tg INPUT goa 
1.1 Q OUTPUT 


~ 


Vac _— 


Vc Va 


Vac- Ve 


b. TIMING CYCLE (Same as a. with reduced 
time scale) 


Ig INPUT 3 
Q OUTPUT Fe 


d. RETRIGGERABLE OPERATION 
Ve < Ve QUIESCENT 
Be INCU aia te ee 
Q OUTPUT F 


f. TRIGGER AFTER TIME OUT 


B in a); this causes the discharge monostable to reset 
(O12 ON, O9 OFF). With Q12 on, the C lead is clamp- 
ed by the base emitter of Q12 and DQ, and the timing 
capacitor is allowed to charge through R;. When C, 
has charged to the threshold voltage, the Schmitt trig- 


ger fires (point C in a), the Q output goes Low, the Q 
output goes High and the timing cycle is complete. 


Traces in 6 are the same as those in a but at a reduced 
sweep speed. A retrigger pulse during the discharge 
cycle (note that retriggering does not occur) is shown 
in c, while d shows a retrigger cycle. In this case, the 
discharge cycle takes less time than the initial cycle 
since C; possesses less charge at retrigger time than 
it had at the start of the cycle. A trigger pulse occurring 
just after time out (note the increased discharge time 
on the second cycle) is shown inf. The increased dis- 
charge time is responsible for the increase in output 
pulse width as a function of duty cycle. 


9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR APPLICATIONS 


PROGRAMMABLE DELAY TIME — PDM GENERATOR 


CONTROL 
INPUT 
Fl=2 UL 
OUTPUT 


TRIGGER 
INPUTS 


The 9600 family may be programmed to have either 
of two delay times. The transistor is a high beta pnp 
(2N4250 or 2N5086) used in the inverse saturation 
mode as a low offset voltage analog switch. The 10k Q 


and 1.5 kQ resistors allow programming with TTL 
logic gates. The fan in is 2 unit loads. 


A logic High at the control input turns the transistor off, 
so that delay time is determined by R1 and C;. A logic 
Low at the control input turns the transistor on, reduc- 
ing the time delay. The lower delay time is determined 
by C; and the parallel combination of R1 and R2. 


R1R2 
R1+R2 


For PDM modulator applications, the control input 
becomes the Data input and a clock is fed to the appro- 
priate trigger input. C;, R1 and R2 are set so that 
C,R1 produces a 66% duty cycle pulse with respect to 
the clock. The CyRoftective produces a 33% duty cycle 
pulse. When the control input (Data) is High, a 66% 
duty cycle pulse is sent; when it is Low, a 33% duty 
cycle pulse is sent. | 


Reffective = 


PULSE DURATION DETECTOR 


PE Po P1 P2 P3 


9300 SR 


MR Qo Q1 Q2 Q3 
C) 


Lag eg yg sp 
DATA 

CLOCK TO 

ss00sr LIL U UU UU ULI 
presoer aee d eiE- *e 
OF 9300 


SR Q] 


A circuit for decoding PDM signals is shown above. If 
_the input data presents a logic zero (33% duty cycle) to 
the 9601 detector, the timing cycle is longer than the 
input data pulse. The Q output of the 9601 returning 
to its normally High state clocks a logic zero into the 
9300 4-bit shift register. An input logic one signal 
(66% duty cycle) is still High after the 9601 times out, 
thereby clocking a logic one into the shift register. 
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FREQUENCY DISCRIMINATOR 


i 
| 
| 
| 
| 


FREQUENCY 1/1 


: 07 
t=0.32 ReCe(1 + Rt ) 


A simple resistor-capacitor integration network may be 
used on the 9601 output to produce a linear output 
voltage curve proportional to frequency over a limited 
range. For a given value of R; and C;, the output duty 
cycle is directly proportional to the input frequency. 
The duty cycle output is integrated by R1 and C1 to 
produce the output voltage. 


DOUBLE PULSE DETECTION 


ere ie eae ree ene! Ay mee fe] 
SS OUT _] L__| LJ — 
OUTPUT eels 2 ree 


The 9601 may be used to detect an index point on a 
rotating drum or disk. If a double pulse is recorded to 
indicate an index point, this circuit will detect the index. 


9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR APPLICATIONS 


SCHMITT TRIGGER (960I only) 


UNSTOPPABLE OSCILLATOR (9601 only) 


Schmitt trigger operation is provided by a triggering 
signal through R; directly into the Schmitt trigger 
section of the 9601. Input peak amplitude should sup- 
ply > 100 pA at 2.5 V and <1 mA. 


MALFUNCTION INDICATOR 


In the 9601 one shot, the Schmitt trigger circuit (con- 
nected internally) controls the state of the outputs. If 
the Schmitt trigger is above its upper threshold, the out- 
puts are Low (Q = L, O =H); when it is below its lower 
threshold, the outputs are High (Q = H, Q =L). Bycon- 


A monitor to detect low speed malfunctions in a sys- 
tem may be constructed using the 9601 plus gating cir- 
cuitry. For fixed values of Ry and C;, the 9601 
retriggers if the triggering pulse period is less than the 
timing cycle. The O output remains High as long as 
the 9601 continues to retrigger. A missed input pulse 
or a decrease in the input frequency allows the 9601 
to time out, thereby setting the latch and indicating 
low speed malfunction. Applications include clock 
pulse and motor speed monitoring. 


GATED CLOCK GENERATOR 


necting a diode, positive feedback is obtained causing 
the 9601 circuit to become an astable oscillator. If the 
Q output is Low, the Schmitt trigger turns off, causing 
a charge cycle (Q goes High). Upon time out, the cycle 
repeats. This results in a pulse output from Q which 
has a repetition rate determined by the R,C; network. 
The inputs are grounded since the normal triggering 
path is not used in this application. A wider pulse can 
be obtained by connecting the diode to the C lead in- 
Stead of the RC lead. | 


geet Se cP 


CLOCK ENABLE La 


| 

| 

| 

| 

| 

| 

| 

| 

& 
IE 


Feeding the timing resistor from the Clock output pre- 
vents accidental latch up and the output transistor 
provides a fan out of >50 unit loads. 


The first clock pulse is generated immediately after 
applying Clock Enable (active Low). Clock pulse width 
is unaffected by any change on the Clock Enable input. 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR APPLICATIONS 


VOLTAGE CONTROLLED MONOSTABLE 


2N4248 100 Q 


INPUT 
"LD 


100 ky 100 k® 


2N4248 


INPUT D-DD 
—o 


100 k® 100 k® 
b. 
The 9601 may be used as a voltage controlled one shot (maximum pulse width). An additional two diodes, 
using a single TTL power supply. Circuit operation re- placed as shown in 5b, offset the control range to 
quires the use of the 2N4248 as a current source driven ground and, at the same time, stabilize the operation 
by the vA741 to control the output pulse width. When over temperature. The current control range should 
used as shown in a, the control range will extend in a not extend lower than 60 pA for the O- 75°C range 9601. 


positive direction from two diode drops above ground 


FORM “A” (SPST) CONTACT BOUNCE ELIMINATOR 


BOUNCE BOUNCE 


Q 
@ 
INPUT ° 
A 9601 


CONTACT 
(SPST) aw 


= OUTPUT D | | 
es L 
OUTPUT 
225 
OUTPUT D | | 
L 


The use of a Form C (SPDT) contact and an RS latch is set by R,C; to be longer than the bounce period (t 
formed by cross-coupled gates is a widely accepted of 10 ms is usually adequate). Two of the NOR gates in 


method of removing contact bounce on a mechanical to the 9015 are connected as an RS latch to remember 
logic interface. In some systems, a Form C contact that a contact closure has occured. The 4-input NOR 
arrangement is not available, but instead, a Form A in the 9015 is used as a negated input AND gate that 
(SPST,N O) contact must be used. The circuit above provides a High output when the contact has closed 
will remove the bounce from a Form A contact with AND the 9601 has triggered AND it has timed out 
only two resistors, one capacitor, and two digital logic (D = A*BeC). The logic shown is needed to avoid out- 
packages (one 9601, one 9015). put glitches due to the difference in propagation delays 

of the 9601 and the RS latch. The remaining NOR gate 
The 9601 triggers each time the input A goes Low, in the 9015 is used to provide the complement of point 


causing the Q output to go High. The 9601 time delay D and is in the same logic sense as the contact closure. 
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9600/9602/96L02 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 


9600 SINGLE MONOSTABLE MULTIVIBRATOR DESCRIPTION 


lp Ty Io Ig. Ig CDg CD, OPERATION FAN IN FAN OUT 
Hei HH HH  H Trigger . 
io —o 
7 X L=H H HH H Trigger High 1 UL 
I2 L LeH 4H H H H Trigger Low 1 UL 
2 xX H LeH 4H H H Trigger 
L H LH 4H H H Trigger 
4 a a ee eet ee aca es: OUTPUTS DRIVE 
L H H L®H 4H H Trigger . 
ia Xx xX xX xX LX hocet High 16 UL 
Bo cB Xx WK -%& KX XL Reset Low 8 UL 
T=flo th) elgelgely 
(CD and CD, must be H) 
ce R; 


L L L H charge Cycle 
L L L H 


Differentiator (H) L LoL L LE L HL 
Restores 


- 
- 
a 
—-— 
a 
~ 


Schmitt Trigger 
Turns Off 


lo —o DIFFERENTIATOR 
I 
12 
13 
14 
a 
L_o, 
Q 
Qa 
INTERNAL STATE SEQUENCE 
(Note: Delays exaggerated to show sequence of events) 
Refer to Internal Logic Diagram 
OPERATION D S A B C E CD Q @Q COMMENT 
Quiescent State H H 4H H H L LH 
Differentiator H Ge HH L LH Triggered 
Starts H H L LH —-Start Dis- 
H L 
©. 


T 
Charge Cycle 
aL 
Y 
Schmitt Trigger H End of Cycle 
Turn On H 
‘H 
H 
H 
H 
Quiescent State H 
The 9600 circuit is similar to the 9601 except for the @ Improved temperature compensation on Schmitt 
following. trigger 
@ Added gate circuitry for reset inputs and feedback 
@ Different input gating arrangement from Q output to allow reset operation. 
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9600/9602/96L02 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 


9602/96L02 DUAL MONOSTABLE MULTIVIBRATOR DESCRIPTION 


11 Ig CDo 9602 96L02 
LepD> Ig. Ig) CD, ~OPERATION INPUTS LOADING LOADING 
h Het tL oH Trigger High 1 UL 0.5 UL 
H LeH 4H Trigger Low 1 UL 0.66 UL 
X X L Reset 
OUTPUTS DRIVE DRIVE 
High 16 UL 9 UL 
: Low 8 UL 3 UL 
ee De 
13 = 3 1/2 9602/96L02 
Gi Rt 


+5 V 


T, =o Bs I, (Monostable 1) DIFFERENTIATOR SCHMITT 


- TRIGGER 
T5 =I, + lg (Monostable 2) ~ Le DISCHARGE 
2 a 3 r= 2, - Lou oS} MONOSTABLE 
(CD inputs are H) 4 


INTERNAL STATE SEQUENCE 
(Note: Delays exaggerated to show sequence of events) 


Refer to Internal Logic Diagram 


OPERATION D S A B c CD *-O: 6 COMMENT 
Quiescent State H H H H H H L L H 
Differentiator H H H H H L. L H Triggered 
Starts Grae: bk 

L L L 

L 

L 


oe H —Start Dis- 
i H charge Cycle 
H 
H 


- 
a 
— fT 


Schmitt Trigger 
Turns Off 


Differentiator (H) LoL L LoL L HL 
Restores 


Charge Cycle 


cL 
om 
Schmitt Trigger H L L L L L H L End of Cycle 
Turn On H H bx. 3 EH: i Je 
H H H L L LH oL 
H H H L H (HLL HL 
H H H L H HL L 
H H H LH H LCL TH 
Quiescent State H H H H H L L H 
The 9602/96L02 circuits are essentially the same as @ Added gate circuitry for reset inputs and feedback 
the 9600, except that they are dual, and are similar to from QO output to allow reset operation 


the 9601 except for the following. @ 96L02 incorporates very stable temperature com- 


@ Different input gating arrangements pensation to yield less than 1.6% timing change over 


O - 75°C range. 
@ Improved temperature compensation on Schmitt 


trigger 
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9600/9602/96L02 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 


9600 


Ct Rt 
O LO 
RC 
7 
9 


O Vcc 


ilk 


Hs 
cay 
i a a 


Qs 


\/7 D1I0A 

k : 
\/_ D10B 

00 860 


1/2 DUAL 9602/96L02 


| | ® 
a4n 
4 Q13A Q13B 
Vcc 


Resistor values for 96LO2 are 
four times values shown. 

© Side A leads 

O Side B leads 


9600/9602/96L02 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 


9600/9602/96L02 OPERATION 


INPUT ™ 
RESET oe 


a. RESET NOT ENABLED 


INPUT 
RESET ® 


INHIBIT OF DISPLAY OF OUTPUT CYCLE 


C. 


The 9600 and 9602/96L02 monostable multivibrator 
Circuits are similar to the 9601 except for the following: 


@ Different input gating arrangements, Q1 - Q4 


@ Modified temperature compensation on Schmitt 


trigger, D10A, B 
Added gate circuitry for reset inputs, Q22, Q23, 


Q15B, and feedback from QO output to allow reset 
operation, D12, D13, Q13A. 


The operation of the 9600 and 9602/96L02 follows 
the same timing cycle as the 9601. Triggering initiates 
a discharge cycle, then a charge cycle begins and con- 
tinues until the Schmitt trigger fires to end the timing 
cycle (a above). The Reset Logic input Q22, Q23 and 
the added transistor across the output drive transistor 
Q15B allow the outputs to be held in the Low state 
(Q=L,Q=H) by applying a logic level Low to the Reset 
input. D13 and the added Q13A transistor allow the 
outputs to be held Low after the Reset input is restored 
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INPUT 3 
RESET , 


IN PUT Pea 


d. 


EARLY TERMINATION OF CYCLE 


to a logic High, even if the discharge/charge cycle has 
not yet completed (Q11 still ON). 


Thus the Reset input may be used to terminate the tim- 
ing cycle before normal time out (6 and c above) or to 
inhibit a new cycle (d). Note that the Reset input does 
not affect the discharge/charge cycle, but instead in- 
hibits the Q and O outputs from displaying the timing 
cycle. Retriggering of the 9600, 9602 occurs in the 
same manner as in the 9601, but the Reset input must 
not be enabled, i.e., must be at a logic level High, at the 
time the new trigger pulse occurs. The outputs are set 
to a High state (O = H, Q = L) only during the time the 
differentiator flip-flop is on (Q7 ON). The Reset input 
must not be enabled during this time, otherwise the 
outputs will remain in the Low state (OQ = L, Q=H) while 
the discharge/charge timing cycle continues (d). The 
action of the output latch may be considered as a reset 
dominant Set/Reset (RS) flip-flop. The Internal Logic 
diagrams and Internal State Sequence Tables show the 
internal logic operation of the devices. 


9600/9602/96L02 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR APPLICATIONS 


The 9600/9602/96L02 monostables may be used in most 
of the applications shown for the 9601. Exceptions: Schmitt 
trigger and unstoppable oscillator. 


DUAL EDGE TRIGGERING 


1/2 9014 


UL 


INHIBIT 


This scheme uses 1/2 of a 9014 Quad Exclusive OR/ 
NOR gate to allow the 9602 to trigger on LH and 
HL transitions of the input. The first Exclusive OR 
gate with the attached inverter (shunted by a capacitor) 
acts as a delay network. The second Exclusive OR gate 
compares the input data with the delayed input data 
signal and produces a Low when the two are different. 


DELAYED PULSE GENERATION 


| 
INPUT eee ee ee ae eae 


OUTPUT 


One 9602 connected as shown above provides a means 
of delaying an input pulse and varying the output pulse 
width. The first half of this dual one shot determines 
the time t, before the initiation of the output pulse, 
and the second half determines the output pulse width. 
~While the timing cycle is active, QO output of side A is 
Low. The Q output Low-to-High transition at the end 
of the timing cycle triggers side B. By returning the Q 
output of side B to the input of side A, a free running 
oscillator with variable duty cycle output is achieved. 
Due to the edge triggered nature of this oscillator, if 
an edge is missed, oscillation locks up. If independent 
adjustment of on and off periods is not required, the 
9601 unstoppable oscillator circuit is preferred. 


KEYED OSCILLATOR 


OUTPUT 


SYNC/KEY 
INPUT 


SYNC/KEY 


INPUT | | 


Q OUTPUT 


—o— { —o-| 


The reset feature of the 9600 and 9602/96L02 mono- 
stables may be used to construct keyed or synchroniz- 
able oscillators. A non-inverting delay network may be 
inserted between points X and Y to increase the output 


pulse width. 


KEYED OR SYNCHRONIZED OSCILLATOR 
WITH CONSTANT OUTPUT PULSE WIDTH 


SYNC/KEY 
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ty= 0.31 Ry, Cay ( + 


to = 0.31 Rya Ci ( + Ra 


H 
KEY L _]| — 
OUTPUT H 


—e| tz |--— 
Kt —+| 


The 9602 may be used with a 1/4 9002 (1/4 7400) 
NAND gate to produce a synchronized (keyed) oscilla- 
tor with constant output pulse width determined by the 
timing network on the second one shot in the 9602. 


9603/74121 MONOSTABLE MULTIVIBRATOR 


DESCRIPTION 


Io 1; Ig OPERATION INPUTS LOADING 
X Trigger High 1 UL 
xX L Trigger Low 1 UL 
HL) H Trigger 
NOTE: Triggering occurs only when High 10 UL 
the Q output is H (not in timing Low 10 UL 
oe ae. a cycle) and one of the above truth 
T=(I9o +14) © Ip © Q (see note) table conditions is met. 
= Ly 
ir - +5 V O +5 V 
: TaIGGEn Rt Re(INT) 


l =—=D--D4m>- a ae So 


Ol 
fe) 


INTERNAL STATE SEQUENCE 
(Note: Delays exaggerated to show sequence of operation) 


Refer to Internal Logic Diagram 


OPERATION lb A B C D E FQ Q COMMENT 
i bo CH kk & & b & H ae 
H L H L LL LE LH ee 
L H H L L L L L H 3 
lp goes H (H) H H LAL L L L oH Trigger —(from 
H H H L (HLL L LH quiescentstate 3) 
H H H L H L™HK LH Start timing 
H H H L H (HY H (HH 
H H H LOH HHH YL) 
H H HH) (LH H HL —Triggers locked 
H H (LY H LC H H H_ L outforremainder 
of cycle 
Capacitor Discharges 
(Timing Cycle) 
ne 
E goes L H H L H L (L) H H L — Capacitor 
H H LE H L Ct (WKH L charges 
Ao: he TA 4 Ee 
H H L H L Lee CL — End Cycle 
lp goes L H LH cE L L L H —Remove trigger 
L oH H L L LL H signal 
LH H L L L L H —Ready to accept 
new trigger 
(ready state 3 ) 
The 9603/74121 is a TTL monostable multivibrator @ Input trigger logic 
with dc triggering from Positive or gated negative go- @ Input Schmitt trigger 
ing inputs and with inhibit facility. Both positive and gigs : pee a 
negative going output pulses are provided with full fan a ae oe charge and discharge circuit and 
out to 10 normalized unit loads. There are four sub- Miresnole cereciion 
circuits. @® High and Low output circuits 
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9603/74121 MONOSTABLE MULTIVIBRATOR 


OPERATION 
O Vcc 
Vcc 
3.3k 

_@® 
lo O Q11 

D4 A 

Q8 

_@- 
ly O + 

D3 MN 

© 
lo © 

D2 4 

B Cc OD 
Is zl 
INPUT Io on 
OUTPUT O ms 
Boe a ee CIRCUIT USED TO GENERATE 
VOLTAGE AT TYPICAL WAVEFORMS 
CAPACITOR LEAD 4 gm 
V 470 pF 
Cc + 
29 
+5.V 
fe) lo OUTPUT 
4 
VOLTAGEATRC & , 
LEAD O ow we 
VRC Veco =5V 
Ta = 28°C 


DIFFERENTIAL VOLTAGE 
ACROSS CAPACITOR 
Ve — Yre 


feo : ; 
KEN ENRKRAE NKR e ee ee we Y 


O Seeeeeaere ce 


oe 200 ns/DIV 


TRIGGERED END CYCLE ; 
& RESTORE 
QUIESCENT 
VOLTAGES 


13-22 


9603/74121 MONOSTABLE MULTIVIBRATOR 


OPERATION 


The 9603/74121 Monostable has four subcircuits. 
@ Input trigger logic Q1, Q11 — Q15 


RC leads are pulled down and the timing capacitor is 
allowed to discharge through the timing resistor and 
the collector of Q7. Since the RC lead is now pulled 
@® Input Schmitt trigger Q2, Q4, which allows jitter - down through C;, Q8 goes off, allowing Q3 to turn on 
free triggering on input rise time as great a 1 V/s (base drive supplied through the base collector junction 
— ; ee: of Q9), and thus Q4 is held off during the remainder of 
@ Timing capacitor charge and discharge circuit, Q5 - the timing cycle. The timing capacitor continues to dis- 
Q7 and threshold detection Q8 charge until the base emitter junction of Q8 becomes 
@ High and Low output circuits, Q16 -Q19, 020-023 forward biased, causing Q8 to turn on (point C on 
waveform). When O8 turns on, the base drive to Q3 is 
removed via Q9, causing O4 to turn on again. Q4 
turns off Q5, and Q6 turns on while Q7 turns off. Turn- 
ing Q6 on allows the Q output to return to a Low state 
and the Q to go High, while C, begins charging 
through the emitter collector of Q6, the 70 {2 resistor 
and the base emitter junction of Q8. The 600 (2 re- 
sistor allows C; to continue charging when the voltage 
at the C lead is less then Vcc - VBE(Q6) (point D on 
waveform). Q8 is held on by base current through the 
timing resistor Ry. 


Trigger inputs lo and iF are active Low while I> is active 
High. To trigger the one shot, lo or Ty must go Low 
while Ij is High or lg must go High while either lo or 
1 is Low. Triggering will not occur if Q is Low, i.e., 

during the timing cycle. A Schmitt trigger circuit Q2, 
Q4 is provided on the I» input so that very slow rise- 
time signals may be used to trigger the one-shot with- 
out causing output jitter. 


Before an input trigger occurs (i.e., Ig or 14 is Low, Ip * 
is Low and Q = High), the Schmitt trigger output transis- When the Q output returns to High at the end of the 
tor 04 is on, since Q2 is held off by the collector of Q1, timing cycle, the input gating logic is ready to accept a 
and Q3 is held off by the Q output through Q9. With new trigger pulse. If a new trigger pulse occurs before 
Q4 on, Q5 is off and thus Q6 is on and Q7 is off. The the timing capacitor is fully charged to its quiescent 
600Q resistor pulls the C lead to Vcc (voltages are 4 V, the output timing cycle will be less than that pre- 


shown at point A on waveform). Q17 is then held on by ene. by the timing Sines ova hie tlobe 2. If 
base drive through the base collector junction of Q16. a PING Pe SIStOl SU Sea ne Fecormimendednany: 


Since Q17 is on, the Q output is Low. Q21 is off, thus mum duty cycle is 66%. Duty cycles of 90% may be 
the O output is High achieved by using a 40 kQ) timing resistor. Even higher 


ratios are obtainable if some pulse width degradation 


When Q7 turns on (point B on waveform), both C and is acceptable. 
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74122 RETRIGGERABLE RESETTABLE MONOSTABLE MULTIVIBRATOR 


DESCRIPTION AND OPERATION 


oS! 


The 74122 is similar to the 9600 but there are impor- 
tant differences in the operation of Reset input CD. 


In the 9600, the trigger logic and the reset function are 
completely separated. The device triggers only when 
the value of the trigger logic equation goes from False 
to True. It resets either with normal time out or when a 
logic Low is applied. Returning CD to High does not 
cause the 9600 to trigger. 


lo Iz 

H+L 4H H H 
H HL 4H H 
i X L+H  H 
X L L+H H 
L x H L+H 
X L H L+H 
L X H H 
X L H H 
X X X X 
X x x x 
L X H H 
X i H H 
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LEADS LOADING 
lol ladglg Data Inputs 1 UL 
CD Clear Input 2 UL 
QO, Q Outputs 
l4 CD Response 
H H Trigger 
H H Trigger 
H H Trigger 
H H Trigger 
H H Trigger 
H H Trigger 
L—H H Trigger 
LH H Trigger 
X H—~-L Reset 
X L Reset 
H LH Trigger 
H L—H Trigger 
Vcc 


In the 74122, the CD is internally tied into the trigger 
network, therefore, the 74122 triggers when the CD in- 
put is returned to the High state, provided the value of 
the trigger logic equation is True (see last two lines of 
the triggering truth table). This feature may be useful 
in a keyed or synchronized oscillator circuit; but it is un- 
desirable and even unacceptable in the majority of ap- 
plications. For new designs the 9600 is recommended. 


74123 DUAL RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR | 


DESCRIPTION AND OPERATION 


CtA Rta 


CDA 
lo ly CDy Response 
HL H H Trigger 
L LH H Trigger 
X xX a ace Reset 
X X L Reset 
L H LL-H Trigger 


1/2 (SIDE A) 74123 


The internal circuitry of the 74123 is the same as the 
74122 except for reduced number of trigger inputs 
per one shot, and the absence of the internal resistors 
Ryint)) The 74123 triggers when the CD input is re- 
turned to the High state provided the value of the trig- 
ger logic equation is True. If it is necessary to remove 
the CD signal without triggering under any input logic 
condition, the 9602 or 96LO2 should be used. The 
9602 and 96L02 do not have any internal connections 
between the CD and input gating logic, so the triggering 
and resetting functions are logically and physically in- 
dependent. 


An additional problem arises when the 74123 is used 
In a non-retriggerable mode. The only safe method of 
providing non-retriggerable operation under all input 
conditions is to force the trigger network to be True dur- 


LEADS LOADING 


Data Inputs 1 UL 
CD Clear Input 2 UL 
HIGH LOW 


Q,0 Outputs 10 UL 
Io Iz CDp Response 
H—-L H H Trigger 
L L—H H Trigger 
X X H—-L Reset 
X xX L Reset 
L H L—H Trigger 


Vcc 


CDA 


ing the timing period. This is not possible with the AND 
input structure of the 74123. The only possible connec- 
tion of inhibiting trigger inputs during the time period 
results in an astable (free running) operation, if the 
trigger input level is still active at the end of the timing 
period. The OR input structure of the 9602/96L02 
allows the trigger network to be forced True during 
time out, which avoids astable operation. The 74123 
is not recommended for use where non-retriggerable 
operation is desired, unless the triggering signal is 
assured to be False when the 74123 times out. The 9602 
or 96LO2 is recommended where non-retriggerable 
operation is desired, due to freedom from possible 
astable oscillation with the non-retriggerable feedback 
connection. In new designs, the 9602 or 96LO2 is recom- 
mended instead of the 74123. 
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TRANSMISSION LINE INTERFACE SELECTION GUIDE 


*SW — Single Wire over Ground Connection 
TP — Twisted Pair 

TPS — Shielded Twisted Pair 

COAX — Coaxial Cable 


Standard 


Recommended 
Interface Driver/Receiver Comments 


EIA RS 232-C O to 20,000 bps, maximum cable length implied in standard is 50’. 


MIL STD 188C Use capacitor from 9616 output to ground to provide wave-shaping at 
applicable modulation rate. 


IBM 360 1/0 Recommended maximum of 10 ports on bus. 


Single-Ended Simplex 


Maximum 
Data Rate 
(NRZ Data) 


20M bps 


Line 
Length 
(feet) 


Recommended 
Driver /Receiver 


Line” 
Type and Zo 


Comments 


SW Unterminated line. Obey loading rules. 
TP >902 
COAX 


10M bps TP Use parallel terminated line with more than 
TPS |>902 one receiver. Use series terminated line 
COAX with only one receiver. 
COAX 250Q Use parallel terminated line with more than 


one receiver. Use series terminated line 
with only one receiver. 


10M bps@ 20° Use parallel terminated line. 


0.5M bps@ 500’ 


TPS > 
a Poe 


Not recommended. Use balanced differen- 
tial form to gain system noise immunity. 


Use wired-AND with low value ( <1kQ ) 
collector pull up resistor. Obey loading 
rules. 


10M bps >75Q Single +5 V supply. Use parallel termina- 
COAX tion at both ends of bus. 


10M bps @ 20’ COAX >952 Use parallel termination at both ends of bus. 
0.5M bps @500' Single +5 V supply required. 


Not recommended. Use balanced differen- 
tial form to gain system noise immunity. 


9614 9615 


Use parallel termination. Single +5 V sup- 


Bs | > 800 ply required. 


TPS 


75109/ 75107/ 
110 108 


9614 9615 


Split parallel termination. +5 and -5 V 
supplies required. 


50 - 4,000’ TPS >80Q Use parallel termination. Single +5 V sup- 


ply required. 


Use signal 
quality graph. 


75110 75107/ 
108 


Use split parallel termination. +5 V and 
-~5 V supplies required. 


Cable loss exceeds 6 dBV. Perhaps non- 
baseband techniques should be used, (i.e., 
MODEMS). 


TP >900 75110 75107/ | Use split parallel termination at each end of 
TPS 108 line. Requires +5 V and -5 V supplies. 
5S | +900 9615 Connect as shown in half duplex differential 
es circuit. Requires single +5 V supply. 
50 - 4,000’ | Use signal TPS >902 75110 75107/ | Use split parallel termination at each end of 


quality graph. 108 line. Requires +5 and —5 V supplies. 


> 4,000'° Cable loss exceeds 6 db V. Perhaps non- 
baseband techniques should be used, (i.e., 


MODEMS). 
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TRANSMISSION LINE INTERFACE ELEMENTS 


INTRODUCTION 


The interface circuits discussed here are devices which con- 
vert TTL signals into signals adapted for transmission lines 
(line drivers), and devices to convert transmission line signals 
back into TTL signals (line receivers). TTL logic (SSI and MSI) 
cannot normally afford the extra power dissipation required 
to drive low impedance (50 Q ) transmission lines. Regular 
TTL parts have only limited drive capability, and line driver 
circuits are needed to provide the transmission line inter- 
facing. The drive capability of the various TTL families is dis- 
cussed in Small Scale Integration. 


TTL can drive ordinary interconnections as long as those inter- 
connect time delays are much less than the TTL Rise or Fall 
Time. This will reduce the current required to produce a given 
voltage on the line, and generally cause the transmission line 
to act more like a simple interconnection. This tradeoff of line 
delay vs. driver rise/fall time will allow TTL parts to use low- 
er power output stages. This tradeoff will restrict normal TTL 
to a maximum interconnect distance of approximately 2 feet, 
which is adequate for device-to-device connections on a PC 
card or wire-wrap board. Interconnections longer than those 
recommended will result in more pronounced transmission 
line effects, and generally will degrade system noise immuni- 
ty and performance. If long lines, large amounts of external 
noise, and a bus organized circuit are all required or present 
simultaneously, then the lack of drive and relatively small 
noise margins of regular TTL is severely felt. For most pur- 
poses, any interconnection longer than two feet should be 
treated as a transmission line, and line drivers/line receivers 
should be used. 


Fairchild offers a number of line drivers/receivers which vary 
considerably in configuration, function, complexity and cost. 
The applications selection guide includes the major perform- 
ance/physical parameters of all currently available interface 
devices. 
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USING THE SELECTION GUIDE 


The selection guide at the beginning of the chapter requires 
three basic decisions — standardized or special interface, 
single-ended or balanced differential form, simplex or multi- 
plex mode. If a standardized interface is required (EIA RS 
232-C Mil Std 188C - low level, or IBM 360 I/O), use the 
standardized section of the guide. 


The first decision necessary for a non-standardized interface 
involves form of operation. Generally, in high noise environ- 
ments or when long lines are required ( >500Oft), the balanced 
differential form is preferred. 


After selecting the form, the mode of operation must be selec- 
ted. The simplex mode is the easiest to implement and offers 
fewer potential design difficulties. The multiplex mode allows 
overall reduction in cable costs when a large number of bits 
is to be exchanged over transmission lines. 


FORMS AND MODES OF OPERATION OF DATA COM- 
MUNICATION CIRCUITS 


There are two basic forms of data communication circuits, 
single-ended and balanced differential. The single-ended cir- 
Cuit uses a signal line and a common ground return. 


SINGLE-ENDED CIRCUIT 


COMMON GROUND 
RETURN 


TRANSMISSION LINE INTERFACE ELEMENTS 


The advantage of the single-ended system is simplicity with 
only one signal wire required per circuit. The disadvantage 
is susceptibility to induced noise Vy and ground shift noise 
VGs- Induced noise is caused by magnetic and capacitive 
coupling from adjacent signal lines or other noise generators 
such as brush-type motors or SCR lamp dimmers. Ground 
shift noise is the result of the voltage potential developed 
across a ground circuit with a finite resistance and inductance 
due to flow of current through the ground. The net effect of 
Vy and Ves alters the voltage at the receiver input. Vj and 
Ve6s are added to any signal produced by the driver, anda re- 
ceiver cannot discriminate between a legitimate signal anda 
signal which is the sum of the noise in the circuit and the ac- 
tual signal produced by the driver. The noise immunity of 
single-ended circuits, however, can be improved with three 
methods. 


@ Use shielded cable and reduce ground impedance which 


decreases noise but adds cost. 


@ Increase the induced driver output voltage levels which 


swamps out noise but increases power consumption. 


@ Add hysteresis in the receiver which increases the dcnoise 


margin but may introduce time distortion. 


BALANCED DIFFERENTIAL CIRCUIT 


DIFFERENTIAL RECEIVER 


DIFFERENTIAL DRIVER 


As illustrated, the balanced differential circuit uses a twisted 
pair of wires as a transmission line, a differential driver, and 
a differential receiver. The twisted pair transmission line 
cancels magnetically induced currents in the line because of 
adjacent twists of the line. 


Electrostatically coupled noise equally affects both lines of 
the twisted pair. Thus, it is transformed into a common mode 
signal at the receiver. The ground shift noise also appears to 
the receiver as a common mode voltage. Because the signal 
voltage Vpjrr and the noise voltage Vjyy + VGs appear to the 
receiver as differential and common mode voltages, respec- 
tively, they can be separated by a receiver with high common 
mode rejection. In this manner, information can be transfer- 
red through environments which would otherwise cause 
errors in a single-ended system. 
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SIMPLEX VERSUS MULTIPLEX 


There are two basic modes of operation for data communica- 
tion circuits: Simplex and multiplex. A simplex circuit allows 
one way, nonreversible data flow. A multiplex circuit allows 
bidirectional (half-duplex) or multidirectional (data bus or 
party line), non-simultaneous data flow. A general multiplex 
circuit has two or more pairs of drivers and receivers on the 
same line, but only one driver may be transmitting at any one 
time. A special multiplex mode is a distribution system that 
has one driver and two or more receivers placed at various 
locations on the line. Some basic multiplex modes of opera- 
tion for data communication circuits are illustrated. 


MULTIPLEX MODES OF OPERATION 


DIFFERENTIAL 
DRIVER 


DIFFERENTIAL 
DRIVER 


DIFFERENTIAL 
RECEIVER 


TWISTED PAIR 
TRANSMISSION LINE 


DIFFERENTIAL 
RECEIVER 


HALF DUPLEX MODE 
BALANCED DIFFERENTIAL 


N N 
A ENABLEA g ENABLE B ENABLEC 5 ENABLE D 


DATA BUS, BALANCED DIFFERENTIAL 
(CURRENT SOURCE DRIVERS) 


DATA OUT B DATA OUT D 


DATA OUT 
E 


DATA OUT A 


DATA OUT C 


DISTRIBUTION BUS 
BALANCED DIFFERENTIAL 


Operating mode selection depends mainly on the system re- 
quirements. As a general rule, simplex systems are easier to 
implement because timing problems are minimal. Multiplex 
systems conserve overall system wire costs but are more dif- 
ficult to design. 


TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


MULTIPLEX OPERATION CONSIDERATIONS 


Some of the multiplex mode (data bus) operational methods 
and problems that must be considered are as follows: 


@ The protocol or “handshaking” required for a particular 
port on the bus to send data must be designed. The proto- 
col sequence must usually involve the following operations: 
1) The port must signal a desire to use the bus (inter- 

rupt). 


2) Bus controller must acknowledge interrupt and send 
“go ahead”’ command. 

3) Port assumes control of bus and sends data, perhaps 
preceded by the code to indicate the recipient(s) of 
the following data. 

4) Receiving port(s) must acknowledge receipt of data. 

5) Transmitting port receives the acknowledgement, and 


releases control of the bus so that other ports may 
pass their data. 


The overall bus operation is either polled or asynchron- 
ous. In polled operation, a central bus controller addresses 
each port in turn to ask if any data is waiting to be sent. 
If the addressed port has no traffic, it signals ‘no data” and 
the controller inquires at the next port. If the port hassome 
data, then the controller gives a ‘’go ahead” to the port; 
data is sent, and the controller then inquires at the next 
port. 


In asynchronous operation, any port having data essential - 
ly “holds up its hand” and waits for a ‘go ahead” signal 
to ripple down the series enabling logic. The priority for a 
particular port is determined by the ports proximity to the 
master control port which sends a ‘’go ahead”’ down the 
enable logic chain at regular time intervals. This scheme is 
well suited to bus-organized minicomputers. The Digital 
Equipment Corporation’s Unibus® and Omnibus® architec- 
tures are excellent examples. 


The effect of powered-down drivers and receivers to nor- 
mal bus operation must also be considered. Integrated 
circuit drivers and receivers contain parasitic diodes that 
are normally reverse-biased when the power supply is on. 
Unless special design techniques are used, these diodes 

can become forward-biased when the unit is powered- 
down, thus causing the bus to malfunction. 


The protocol timing must include sufficient time delays to 
allow for the different port-to-port signal propagation de- 
lays. 


Both physical ends of the transmission line comprising a 
channel for the bus must be terminated to prevent spurious 
signal levels due to reflections. (See following section on 
line matching.) 


Stubs or taps from the main transmission line should be 
kept to a minimum length. A ‘‘daisy chain” wiring method 
is preferable to a tap off method. If stubs must be used, 
then to cause the least perturbations on the line, the stub 
length should be controlled such that the propagation de- 
lay of the stub is less than 1/8 of the signal rise or fall 
time at the stub to line connection point. 


If a 3-state driver system is used (Logic Zero, Logic One 
and “off”, or driver in high impedance state), some means 
must be provided to detect the difference between a driver 
®Digital Equipment Corporation 
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sending data and the all drivers off condition. In the 2- 
state bus system, this problem does not occur because a 
logic Zero (usually a High) indicates either a logic Zero or 
that no port is currently sending. A logic One (usually a 
Low) on a 2-state system then indicates a port is transmit- 
ting a logic One and the receiver should interpret itas such. 


The data format must also be considered: 


Parallel operation is fast but expensive, since it requires 
one transmission line and the associated interface for every 
bit of the word (or byte) transmitted in parallel. 


Serial operation is slower, but requires only one transmis- 
sion line and interface per port. This saving may, however, 
be partially offset by the need for a parallel-to-serial con- 
verter at the transmitting site, and a serial-to-parallel con- 
verter at the receiving site. 


The parallel structure is commonly used for rapid exchange 
of data over short distances; e.g., within a computer or be- 
tween. computer and peripherals. The serial structure is 
used for communications over long distances, as between 
a terminal and its controller. 


A final consideration concerns polled operation of a multi- 
plex system. The amount of time necessary to address and 
receive acknowledgement from a port must be weighed 
against the volume of data the ports normally send, and 
the total number of ports on the bus. If there is a large num- 
ber of ports on the bus, most of the time might be used by 
the polling operation with very little time devoted to actual 
exchange of information. A large number of ports com- 
bined with a high relative volume of traffic expected per 
port can lead to data backing up at each port waiting to be 
sent, and an overall reduction in information throughput. 
In a “real time’ system where fast response is essential, 
serious consideration should be given to splitting up a 
single large bus into several ‘’satellite’’ busses, each with 
its own polling controller and protocol with respect to the 
central bus. Queuing theory can be used to estimate the 
throughput on a bus structure when many variables includ- 
ing the number of ports, the mean transaction length, and 
the number of transactions per port per unit time are 
known. 


LINE MATCHING 


The purpose of line matching is to reduce or eliminate errors 
caused by transmission line reflections in data communica- 
tion circuits. When system operation is not affected, these 
reflections can be ignored — similar to ignoring contact 
bounce in a mechanical switch. When data bit duration is 
long relative to line propagation delay, reflection effects die 
away in a relatively short time. However, in most transmission 
line circuits, relections do affect the system and there are 
three basic methods of minimizing reflection affects. 


Method |; Control Ratio of Signal Rise Time to Line Delay 


Most logic (TTL, ECL, etc.) has very low output impedance 
and high input impedance relative to the characteristic im- 
pedance of normal interconnections (50 - 200Q). Trans- 
mission line theory predicts that this combination, will 
exhibit large signal overshoot and undershoot at the receiver 
end of the line, assuming that the signal rise times produced 
by the driver are short relative to the time delay of the line. 


TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


If, however, the rise time of the signal is greater than twice 
the one way time delay of the line, a different result is obtain- 
ed: the ringing amplitude at the receiver is less than that 
predicted by classical theory. When the driver output signal 
rise time is four times as great as the time delay of the line, 
the ringing is considerably reduced and the line input and 
output waveforms are almost identical, with only a few small 
perturbations. This results from the superposition of ramps 
or exponential type waveforms instead of the unit step variety 
used in classical transmission line theory. To make an unter- 
minated line driven by a voltage source type driver behave 
in a more civilized manner, one of two things can be done. 


@ Reduce the maximum allowable length of the interconnec- 
tion so its time delay is less than one quarter the rise or fall 


time of the driver (tp < t,/4). 


Control the slew rate of the driver so the rise time at the 
line input is greater than four times the time delay of the 
line (again tr > 4tp). 


Maximum line length limiting is normally used to formulate 
logic wiring rules, while explicit driver slew rate control is 
sometimes applied by such standard interfaces as MIL STD 
188C or EIA RS 232-C. In any event, tr -to-tp ratio limiting 
with unterminated lines has a serious drawback in that delay 
times through the data communication circuit are always 
greater than those obtained using a terminated line with a 
fast rise and fall time signal. This is due to the delay of the 
signal to rise above the threshold level of the receiver. 


Method Il; Parallel Termination 


According to transmission line theory, a line terminated by 
a resistor equal in value to the characteristic resistance 
of the line does not exhibit reflections. Waves arriving 
at the termination point pass into the termination resis- 
tor without generating a reverse traveling wave, since 
Kirchoff’s laws are satisfied at the line—termination 
boundary. 


With the parallel termination method, multiple receivers 
can be used on the circuit forming a distribution bus (one 
driver, many receivers). Each receiver placed along the 
line sees the full voltage swing produced by the driver 
onto the line, after a delay time for the signal to propa- 
gate from the driver site to the receiver site. As soon as 
the wave reaches the opposite line end, it is absorbed 
by the termination, and the line assumes steady-state 
conditions. The primary disadvantage of the parallel 
termination method is the power dissipated in the ter- 
mination resistor, since it does provide a dc load on the 
driver device. When voltage source type drivers are used, 
a capacitor can be inserted in the termination network 
to block the dc, but still provide a termination to the 
wavefront arriving at the line end. This ac coupled ter- 
mination works well when the data is a symmetrical 
signal such as a clock. If random data is transmitted, 
long strings of like bits allow the line to charge up to the 
voltage compliance limit of the driver. A subsequent 
data bit of the opposite polarity will take longer than 
normal to cross the receiver threshold since it is starting 
from a greater potential than normal. This will result in 
time jitter of the recovered data, dependent on the pre- 
vious data pattern. For this reason, the ac termination 
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approach is not generally recommended unless the re- 
sultant time jitter in the data can be tolerated. 


The choice and placement of the parallel termination 
network depends on the type of driver (voltage or current 
source) and whether the system is simplex or multiplex 
mode. For simplex mode with voltage source drivers 
(9614, 9621 or 8113, 8T24), a single resistor is placed 
across the end of the line most distant from the driver. 
This applies to both single ended and balanced differen- 
tial lines. In order to reduce the steady state output cur- 
rent required for single-ended systems, a_ Thevenin 
equivalent termination can be used; for example, termin- 
ation of ECL driver lines to -2.0 V through the termin- 
ation resistor. This is possible with a single resistor 
connected to a -2.0 V power supply or a 2-resistor volt- 
age divider between -5.2 and ground which produces 
the Thevenin equivalent. However, more power is con- 
sumed by the latter method. Current source drivers such 
as the 75109/110 series require that each output have 
a dc path to the common signal return, or ground, so that 
a split termination is used. If simplex mode differential 
form is used, the parallel termination network must be 
two resistors, each equal to half the characteristic imped- 
ance of the line connected from each side of the line to 
the signal common return. 


For multiplex operation, both ends of the line must have 
parallel termination networks. This prevents false signal 
levels from occuring when a driver along the line is enabled. 
The false signal levels would be caused by a reflection from 
the unterminated end. The use of single or split resistor ter- 
mination is again based on the driver types used in the sys- 
tem. Voltage source drivers (8113 or 8124) use a single 
resistor termination, current source drivers (75109,110) re- 
quire split terminations for balanced differential operation. 


Method Ill; Series Termination or Back Matching 


The matched source or backmatched driver method is useful 
for either single-ended or balanced differential simplex sys- 
tems where only one driver and one receiver is required. A 
matched source is constructed by inserting a resistor Rppg in 
series with the voltage source driver output of a value such 
that the sum of the driver output resistance plus Rpjg is equal 
to the characteristic impedance of the line. For differential 
backmatching with a differential voltage source driver, two 
resistors are used, one in series with each output. The value of 
Rem is such that the driver output impedance, plus Rew 
equals half the characteristic resistance of the line. 


SIMPLEX BACKMATCHED DRIVER SYSTEMS 


Rs * Rem * Zo SINGLE ENDED 


Rs + Rem = 20/72 
BALANCED DIFFERENTIAL 


TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


The backmatched driver method is based on two points of 
transmission line theory. 


@ An unterminated line approximately doubles the signal 
level at the receiver site. 


@ When driver source impedance equals the line impedance, 
the line appears terminated with respect to signals return- 
ing to the source. 


Initially, a voltage wave of approximately one half the volt- 


ZO 
age compliance limit of the driver Vppiver 
Zo + Rs + Rem 


LINE VOLTAGES WITH A BACKMATCHED DRIVER 


TRANSMISSION LINE | 


Zo 
VD Rs + Rem *Zo Peek 


iS sent toward the receiver. When this wave arrives at the 
receiver, it sees an impedance discontinuity and a reflected 
wave is generated at the receiver/line boundary. This 
reverse wave propagates back toward the source. Its magni- 
tude is Pi O,Ap times the arriving wave. PLOAD is the 
voltage reflection coefficient of the load. It is defined as 
_ RLtoap -Zo 

P LOAD ROAD *Zo 

Since the principle of superpostion applies, the voltage at 
any point on the line is the sum of all waves that have passed 
that point plus any initial voltage conditions. As the reflected 
wave travels toward the source, its voltage is added to the re- 
sidual voltage of the initial wave. When the reflected signal 
returns to the source, however, no additional reflection is 
generated. 


It is apparent that any additional receivers placed along a 
transmission line do not receive a full signal swing until the 
initial voltage wave from the load end returns to their bridging 
points. As a result these additional receivers have severely 
reduced noise immunity and may falsely indicate the received 
d&ta for as long as 2Tp (for a receiver located at the driver/ 
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line boundary). Thus, the backmatched driver method is 


limited to: 


@ Simplex mode operation only, and 


@ Only one receiver located at the end of the line opposite 
the driver end of the line. 


Current source drivers (75109/110) with a split parallel 
termination at the driver site produce a backmatched driver. 
Likewise, the open emitter voltage source drivers (8113/23) 
produce a backmatched source when the parallel termination 
resistor is located at the driver site. 


LONG TRANSMISSION LINE EFFECTS 


The last characteristic considered here on data communica- 
tions circuits is the effect that a long transmission line has on 
the signals passing through it. In many ways, a long trans- 
mission line resembles a low pass filter with loss. .A fast sig- 
nal transition applied to the input of the line becomes more 
rounded and exponential as the signal propagates down the 
line. Additionally, the resistance in the wires comprising the 
line causes an overall reduction in signal amplitude. These 
two effects combine to limit the data rate that can be carried 
by a given type and length of line. Of these two effects, the 
change in signal waveshape is the most limiting to the maxi- 
mum data rate. If a new data bit is sent and arrives at the line 
end before the line has completed it’s response to the previous 
data bit, then the signal representing the new data bit can 
cross the line receiver’s threshold earlier than normal. This 
causes the recovered data from the line receiver to exhibit pat- 
tern dependent transition displacement, or time jitter. In the 
limit, as a shorter and shorter pulse is sent, the signal at the 
line end may not even have time to cross the receivers thresh- 
old, and the data bit might be missed completely. This phe- 
nomenon is called intersymbol interference, and is due to the 
previous data bit (or bits) causing a time shifting of the thresh- 
old crossing of the present data bit. Intersymbol interference 
Starts to occur any time the minimum time duration of a data 
bit is less than the signal rise (or fall) time at the end of the 
line. The figure shows this effect. 


LINE DISTORTION EFFECT ON DATA BIT WIDTH 
RESOLUTION 


DATA INPUT | | | | tl! 
TO DRIVER 


RECEIVER 
THRESHOLD 


VOLTAGE AT VOLTAGE 


LINE END | 
(INPUT TO RECEIVER) | 4 


OF RECEIVER 


A clock signal (equivalent to alternating Ones and Zeros) will 
not show intersymbol interference, since the previous data 
pattern is highly symmetrical and also predictable. A random 
data pattern, however, is prone to intersymbol interference: 
the minimum bit duration occurs from a single bit preceded 
and followed by a long string of bits of the opposite polarity. 
Thus, to measure the amount of intersymbol interference 
present, and estimate the resultant bit transition time jitter, 
a long random or pseudo-random data sequence mustbe used. 


TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


PE Po Pi P2 P3 
9300 


DATA 
Qg OUTPUT 


1/29328 ©? 


CP 8-BIT SHIFT 
REGISTER 4 


TO OSCILLOSCOPE 
HORIZONTAL 
TRIGGER 
INPUT 


NOTE: FREQUENCY OF CLOCK 
GENERATOR IS ALSO THE NRZ 
DATA BIT RATE IN BITS PER 
SECOND. 


Vcc 


TEST SETUP TO DISPLAY EYE PATTERN FOR MEASURING DATA SIGNAL QUALITY 


1/2 9614 LINE DRIVER TEST POINTS 


} od TWISTED PAIR LINE UNDER rest 


250 Q PC POT 
FOR TERMINATION 


a Jf 


V =+hOV <+________—_+| 
me LINE LENGTH 


USE DIFFERENTIAL PROBE ACROSS 
TEST POINTS AND WIDE BANDWIDTH 
DIFFERENTIAL INPUT OSCILLOSCOPE 
TO DISPLAY EYE PATTERN. 


FEEDBACK LOGIC EQUATION 

DATA INPUT = 017 @ Q29 = 0170020 + Q170 Q29 
TO 

STAGE 1 

SEQUENCE LENGTH = 220 - 1 = 1048575 BITS 


PSEUDO-RANDOM SEQUENCE GENERATOR 


A bench setup to display the intersymbol interference is shown 
in the figure. Since the oscilloscope is triggered each time.a 
new data bit can appear from the Pseudo-Random Sequence 
Generator (PRSG), the display will show the superposition of 
long strings of Ones and Zeros, Zero-to-One and One-to-Zero 
transitions preceded and followed by various data patterns. 
The 2-device PRSG shown will generate a sequence that will 


FORMATION OF A BINARY EYE PATTERN 


INPUT TO LINE 


VOH ED 


OUTPUT SIGNAL FROM LINE 


CONSTANT ‘ONE’ 
BITS 


CO eee 


CONSTANT ‘ZERO’ 
BITS 


ISOLATED 
12-0 
TRANSITION 


ISOLATED 
Oo» 1 
TRANSITION 
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repeat after 220-1 bits; this sequence is sufficiently long to 
allow display of possible intersymbol interference caused by 
previous data patterns to a depth of 20 bits. The figure shows 
how the superposition over one bit interval of the waveforms 
at the end of the line due to various data patterns will produce 
a stable display on the oscilloscope. 


ISOLATED 
101 


ISOLATED 
010 


SUPER IMPOSING 
ALL THE ABOVE 
SIGNALS 


BINARY EYE 
PATTERNS 


TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS | 


NRZ DATA — BINARY EYE PATTERN 


UNIT INTERVAL ty; 
EQUALS 
ONE BIT TIME 


OPTIMUM 
RECEIVER 
THRESHOLD 
LEVEL 


EARLIEST 
THRESHOLD 
CROSSING 


tETC 


LATEST 
THRESHOLD 
CROSSING 


‘LTC 


FETC “fe 


PEAK-TO-PEAK JITTER = i 
Ul 


X 100% 


Since the shape of the waveform displayed by the oscilloscope 
resembles an eye, the pattern is called a ‘binary eye pattern’’. 


The binary eye pattern provides a very useful tool to measure 
data signal quality. The spreading of the pattern at the receiv- 
ers threshold level indicates the peak-to-peak time jitter of 
the signal due to intersymbol interference. If the receiver's 
threshold level (slicing point) is displaced from its optimum 
value (at the mean of the signal swing produced by the driver), 
then the data recovered by the line receiver will incur addi- 
tional time distortion over that already caused by the inter- 
symbol interference. Displacement of the threshold level 
toward the One level will cause received Ones to be relatively 
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shorter than the Zeros received. Likewise, a receiver threshold 
displacement toward the Zero level will cause received Zeros 
to be relatively shorter than the received Ones. This effect is 
called bias distortion, and is the result of offset (or bias) in 
either the receiver's threshold, or asymmetry in the driver 
output levels. The net effect of bias distortion is to cause the 
duration of one logic state to be shortened while the duration 
of the opposite logic state is lengthened. To reduce bias dis- 
tortion to a minimum, the driver must produce opposite sig- 
nal levels with good matching, and the receiver should slice 
at exactly the mean of the signal swing of the driver. 


The height of the open space in the eye pattern directly gives 
the measure of the noise margin of the system. When noclear 
transition free area in the eye pattern exists, the eye is termed 
“closed”, which indicates that error free data transmission is 
not possible at the data rate and line length without resorting 
to equalizing techniques. In some extreme cases, error free 
data will not be possible even with equalizing. 


By using the eye pattern to indicate signal quality at the end 
of a line, a graph can be constructed for a particular cable 
showing the tradeoffs in signal quality (peak-to-peak jitter . 
expected) as a function of line length and data rate for a given 
pulse code (NRZ, Polar RZ, BiQ@-L, etc.). An example graph for 
NRZ data is shown in the figure. The graph was constructed 
using data from eye pattern measurements on a 24 AWG 
twisted pair line driven by a voltage source type driver and 
parallel terminated in its characteristic resistance. The graph 
is representative of the performance available with ordinary 
twisted pair cables using NRZ data. Since coaxial cables have 
a much wider bandwidth at a given cable length, their signal 
quality curves would be shifted toward the right (i.e., higher 
maximum data rate at a given line length with a specified 
amount of peak-to-peak jitter allowed). 


TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


DATA SIGNAL QUALITY 


(PLATE 1) 


(PLATE 2) 


(PLATE 3) 


(PLATE 4) 


TYPICAL NRZ DATA EYE PATTERNS 
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INTERSYMBOL 
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(PLATE 7) 


ONE BIT TIME 
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NO 
INTERSYMBOL 
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(PLATE 8) } 


SIGNAL QUALITY AS A FUNCTION OF LINE LENGTH AND DATA RATE 


MINIMUM PULSE WIDTH (DURATION OF UNIT INTERVAL) 
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TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS. 


The oscilloscope photographs show the eye patterns for NRZ 
data with various percentages of peak-to-peak jitter. As a 
general guideline, data communications circuits should be 
designed such that the time for one data bit is greater than 
four times the signal rise time at the end of the line. This al- 
most always guarantees that the peak-to-peak time jitter of 
the recovered data due to intersymbol interference is less than 
5% of the nominal bit time. This also minimizes the effect of 
any bias distortion introduced by driver offset or receiver bias 
since the signal slope at the nominal threshold crossing is 
relatively steep. A moderate change in threshold point causes 
only a small amount of bias distortion. 


The signal quality graph shows the ‘‘best case” or minimum 
jitter expected at a given line length, and data rate for a parti- 
cular cable, and only when the following conditions are met: 


@ Driver One and Zero levels are matched exactly 


@ Receiver threshold is exactly the mean of the One and Zero 
levels produced by the driver 


@ Time delays through both driver and receiver for both 
logic states are symmetrical and have zero skew (impor- 
tant when the minimum bit duration is close to the propa- 
gation delay of the devices) 


@ The line is perfectly terminated (no reflections on the cir- 
Cult) 


If any of the above conditions are not satisfied, the signal 
quality is less than predicted by the graph. Thus, the bit 
duration should be greater than four times the signal rise 
and fall time at the end of the line to allow for tolerances 
inherent in IC drivers and receivers. 


If the line is operated unterminated with a voltage source 
type driver, the signal quality curves shown should be 
moved to the left (towards shorter lengths at a given data 
rate). Experiments have shown the required length reduc- 
tion factor to be approximately 1/3. That is, an unter- 
minated line of 333 feet shows about the same amount of 
intersymbol interference as a terminated line of 1000 feet 
at a given data rate with all other conditions the same. 


If the desired NRZ data rate and line length fall between the 
Ty, = 4 T, and the non-recovery line on the signal quality 
graph, eye pattern measurements should be made on the 
driver and cable selected for system usage. Direct eye 
pattern measurement is also recommended whenever a pulse 
code other than NRZ is selected for system usage. 
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SELECTING LINE DRIVERS AND LINE RECEIVERS 


The problem of selecting which particular line drivers and re- 
ceivers to use depends more on the desired system character- 
istics, rather than merely the device electrical characteristics. 
The ultimate performance of the completed system will depend 
greatly on the form and mode of operation selected for the 
data communications circuits, and on the line drivers and line 
receivers themselves. Subtle peculiarities inherent inthe form 
and mode of the data communications circuit selected may 
prevent the final system from achieving the design goals. Data 
communications circuit design requires the designer to keep 
in mind the tradeoffs between external noise and noise im- 
munity, signal quality and line length, serial or parallel struc- 
ture, and cost versus performance. The previous sections in 
this chapter have discussed the major design considerations 
involved in designing a data communications circuit. Some 
additional points follow. 


@ The most limiting factor to data rate with long lines ( > 50 
feet) is usually the rise and fall time of the cable. The use 
of the eye pattern will allow easy measurement of signal 
quality (amount of time jitter). 


Balanced differential forms are preferable to single ended 
forms where high noise environments are present. Opto- 
isolators and transformers offer high common mode oper- 
ating ranges and ground isolation. With transformers, adc 
free, self clocking code such as Polar RZ or BiQ (digital bin- 
ary phase modulation) is useful. 


The total number of ports on a multiplex system should be 
restricted so that the parallel combination of the input im- 
pedances of receivers and the output impedances of dis- 
abled drivers is greater than the characteristic resistance 
of the transmission line. 


Ground returns are necessary for proper operation of inte- 
grated circuit line drivers and receivers. This may be ac- 
complished by connecting the shield of the line to the 
ground pins of ICs connected to the line. 


Data rates above 10M bps will usually require ECL to be 
used instead of TTL types for the drivers and receivers, be- 
cause of the 20 to 50 ns propagation delays in the TTL 
compatible devices. 


Liberal use of .01 to .1 uF capacitors to decouple the power 
supplies feeding line drivers and receivers is recommend- 
ed. One capacitor per power supply for every two to four 
devices is usually sufficient. 


TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


9614/9615 SIMPLEX, BALANCED DIFFERENTIAL 
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TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


SINGLE ENDED — SIMPLEX OPERATION 
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TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 


EIA RS 232-C INTERFACE WITH FAILSAFE RECEIVERS 
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TTL CHARACTERISTICS 


INTRODUCTION 


The previous chapters explain the logic operation of Fairchild 
TTL devices of medium and small scale complexity and their 
use in many different subsystems. The devices are described 
as functional units (black boxes) without special attention to 
electrical characteristics. 


The following pages describe the electrical aspects of TTL 
components and systems. The first section describes the in- 
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put/output characteristics, thermal characteristics and noise 
margins. The second presents physical system considerations 
when TTL devices are interconnected. It covers transmission 
line drive capability, ringing, crosstalk and gives general rules 
for circuit layout. The third section discusses the timing as- 
pects of flip-flops and registers and explains the clock skew 
problem and how to avoid it. The last section shows how TTL 
devices can interface with other integrated circuit families 
and transistors. 


TTL CHARACTERISTICS * ELECTRICAL PROPERTIES 


INTRODUCTION 

The TTL devices described in this book differ widely in func- quaranteed in common terms. Asa result, all members of the 
tion and complexity, but their electrical input and output TTL family interface perfectly. Circuit characteristics can be 
characteristics are very similar and are defined, tested, and easily described with a 2-input NAND gate example. 


NAND Gate Example 


TYPICAL RESISTOR VALUES 
R1=R4=4kQ 
R2=15kQ 
R3 = 902 
R5=1.25kQ 


LEVEL 
SHIFTER 
3 


AND PHASE 
GATING SPLITTER 
1 2 
LOW LEVEL | 
DRIVER 


*Number of inputs depends on the gate. = 


CIRCUIT DESCRIPTION 


The circuit is actually five subcircuits and each performs a is quickly removed through the transistor action of Q1, and Q2 
separate function. The input circuit is a multi-emitter tran- is thus rapidly turned off. This turns off Q5 and turns on Q3 
sistor functioning as an AND gate. When all inputs are High and O4, resulting in a High output voltage. 


(<2 V) the current in R1 (1.2 mA) flows through the collec- 
tor of Q1 into the base of Q2, turning on Q2 which then turns 
on Q5, generating a Low output voltage. The base of Q1 is 
clamped three diode drops (2 Vp¢ + Vcp) above ground, 
~2 V at room temperature. If any input goes Low (< 0.8 V), 
the current in R1 flows through the emitter of Q1, out of the 
input lead into ground. Any stored charge in the base of Q2 


The multi-emitter input transistor Q1 has an input leakage 
current that is significantly higher than that of DTL. In TTL 
circuit design, this input leakage current is limited by reduc- 
ing the inverse current gain of the input transistor through 
proper choice of transistor geometry and processing. 
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The phase-splitter transistor Q2 produces complementary 
drive signals for Q3 and Q5. The collector and emitter of the 
phase splitter can be connected to additional phase-splitting 
transistors driven by AND gates, thus providing the logic 
AND/OR/INVERT function. This mechanism is a very power- 
ful logic tool, enabling complex logic functions to be realized 
in a minimum integrated circuit chip area with a minimum 
number of gate delays. 


AND/OR/INVERT Function 


INPUTS 


The Darlington connected transistors Q3 and Q4 act as alow 
impedance High level driver, speeding up the Low to High 
Output transition and providing superior ac drive capability 
and good noise immunity in the High state. Resistor R4 acts 
as a current limiter for ac switching currents and for accident- 
al output short circuits to ground. Resistor R5 provides a base 
turn-off current path for transistor Q4. Connecting R5 to the 
output rather than to ground reduces power consumption. 
Q5 is the Low level driver and R6 provides base turn-off cur- 
rent to ground. 


OUTPUTS 


Different TTL devices use variations on the output pull up 
Structure. Each configuration has advantages and disadvan- 
tages, both from the manufacturer’s and the user’s point of 
view, aS outlined in the comparison chart. 


A resistive pull up can be added to any TTL output circuit, 
increasing Voy to almost Vcc, but only circuits c, ad, 
and e can be pulled higher than Vcc. e.g., to +7 V for driving 
MOS circuits. Configurations a and b have a diode associated 
with the resistor at the output which clamps the output one 
diode drop above Vcc. This is an important consideration 
in large systems where sections might be powered down 
(Vcc = 0). In this state, the outputs of circuits a and 6 repre- 
sent a very low impedance at a fairly low voltage (<1 V); 
while the outputs of circuits c, d, and e represent a high im- 
pedance and thus a logic High, more appropriate for isolation 
from the rest of the system. 


Most modern designs use a more sophisticated active pull 
down structure in the base of O5. This improves the transfer 
characteristic, increases noise immunity and speeds up the 
output delay. 


ELECTRICAL PROPERTIES 


TTL Output Configurations 


a. DARLINGTON 


Vcc 


b. 2-STAGE EMITTER FOLLOWER (‘’DARLINGTON SPLIT’’) 


Vcc 


c. DARLINGTON WITH RESISTOR TO GROUND 


Vcc 


d. TRANSISTOR — DIODE 


3 


e. OPEN COLLECTOR 


Vcc 
Re 


ADVANTAGE: 
High ac drive capability 
NOH? CC “Bp erly ° 
Small size (transistors share one common 
isolation) 

DISADVANTAGE: 
Output cannot be pulled higher than one diode 
drop above Vec 


ADVANTAGE: 
High ac drive capability 
YOu = Vcc ~ VBE at !o = 0 
DISADVANTAGE: 
Larger than circuit A 


Output cannot be pulled higher than one diode 
drop above Vec 


ADVANTAGE: 
High ac drive capability 
Lower VOH = (Vcc -2 Vee) increases speed 
Outputs can be pulled higher than Vec 
DISADVANTAGE: 
Higher dissipation 
Lower noise immunity in the High state 


ADVANTAGE: 

Lowest power consumption 

Small size 

Outputs can be pulled higher than Vec 
DISADVANTAGE: 

Less ac drive capability 


ADVANTAGE: 
Bussable, allows collector ANDing (Wired-OR) 
DISADVANTAGE: 
High output impedance in the High state 
Slow, especially with capacitive loading 
Requires additional resistor 
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TTL INPUT AND OUTPUT IMPEDANCE 


The input impedance of a TTL circuit is very high for positive 
input voltages > 2V; itis %4kQ between +1 and -0.5 V and 
is very low for more negative input voltages. Each TTL input 
has a clamp diode to ground that ensures this low input im- 
pedance for negative voltages. These clamp diodes protect 
the TTL input and limit any negative input swing due to in- 
ductive ringing or reflections on transmission line intercon- 
nections. 


Typical Input/Output Characteristics 


Rsat 2 82 


INPUT CLAMP 
DIODE 


10 20 30 /40 50 60 

-10 VOLTS 
NORMAL Q4 NOT SATURATED 
: OPERATING : 


: REGION HIGH STATE 


10 20 30 40 50 
-10 VOLTS 


-20 


-30 


OUTPUT 


The output impedance of a typical TTL device in both the Low 
and High state is shown above. In the Low state, the output 
impedance is determined by a saturated transistor (~ 8 Q ). 
However, at very high sinking current, especially at low tem- 
perature, the output device is not able to stay in saturation 
and the output impedance rises as shown. 


When switching from the Low to the High state, the totem 
pole output structure provides a low output impedance cap- 
able of rapidly charging capacitive loads. However, charge 
and discharge currents must also flow through the V¢c and 
ground distribution networks. The Vcc and ground lines 
should therefore be short and adequately decoupled. More- 
over, if during the Low to High transition, transistor Q5 has 
not turned off by the time QO4 is turned on, there is a narrow 
current spike through the totem pole, which acts as a noise 
generator unless the supply is properly decoupled. 


SUPPLY VOLTAGE AND TEMPERATURE RANGE 


The nominal supply voltage Vcc for all TTL circuits is +5 V. 
Commercial grade parts are guaranteed to perform with a+5% 
supply tolerance (250 mV) over an ambient temperature 
range of O to 75°C (some to 70°C). Mil grade parts are 
guaranteed to perform with a +10% supply tolerance 
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(+500 mV) over an ambient temperature range of -55 to 
125°C. 


The actual junction temperature can be calculated by multi- 
plying the power dissipation of the device with the thermal 
resistance of the package and adding it to the measured am- 
bient temperature Ta or package (case) temperature Te. 


Below are listed some of the standard dual in-line packages 
(DIP) and Flatpaks used by Fairchild, including typical junc- 
tion-to-ambient thermal resistance 6 ja and typical junction 
to-case thermal resistance 6 jc. 


PACKAGE OJAPC/W | BIC °C/W 
16-lead Flatpak 11 
24-lead Flatpak 9 
14-lead DIP, SSI 33 
16-lead DIP, SSI 25 
24-lead DIP 7 
14-lead DIP, MSI 30 
16-lead DIP, MSI 22 
14/16-lead DIP, plastic 20 


Example: A 9301 in ceramic DIP dissipates typically 145 mW. 
At 55°C ambient temperature the junction tempera- 
ture is: 


Ty = (0.145 x 97) + 55 = 69°C 


INPUT AND OUTPUT VOLTAGES 


The following input and output voltage levels are guaranteed 
over a worst-case combination of the appropriate tempera- 
ture and supply voltage range and, for the output, over a 
specified current range: 


Standard & 
High Speed|Low Power) Schottky 
TTL 


Maximum Low level 


output voltage VOL max 0.5 V 
Minimum High level 
output voltage Voy min 2.5V 
Maximum Low level 
input voltage Vj; max 0.8 V 
Minimum High level 
input voltage Vjpy min 2.0V 


VoL and Voy are the voltages generated by the output. 
Vip and Vip are the voltages required at the input to gen- 
erate the appropriate output levels. (See discussion of dc 
noise immunity below). The numbers given above are guar- 
anteed worst-case values. Typical values are given in the 
data sheets. 
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VoL is the sum of < 100 mV off set voltage and a resistive 
drop that, within the limits of the output sink capability, 
iS proportionate to the sink current. If only half the 
specified maximum fan out is used, Vo, for a stan- 
dard gate will be below 250 mV. The inherent off set 
voltage of Schottky outputs is higher, 200 mV. 


depends on the output circuit configuration. The Dar- 
lington configuration with a 1 kQ resistor to output 
has the following characteristics: 


When sourcing negligible current, i.e., under normal 
Stationary operating condition, Q4 is not conducting. 
Von is one diode drop below Vcc with a tempera- 
ture coefficient of -2mV/°C and an impedance of 1 kQ. 


When sourcing moderate current (a few mA), the VOH 
is two diode drops below Vcc with a temperature co- 
efficient of -4 mV/°C and a very low impedance of 
< 30 (2. 

When sourcing large current (20 mA), the Darlington 
configuration is saturated and the output follows the 
resistive load line determined by the current limiting 
resistor R4. 


Vit. and Vip, have a temperature coefficient of -4 mV/°C. 


INPUT AND OUTPUT CURRENTS 


Four different current specifications are needed to char- 
acterize the normal operation of a TTL device: 


Input Low Current the current flowing out of the 
input when it is held in the Low 


state (0.4 V). 


Ne 


Input High Current the current flowing into the 
input when itis held High. (leak- 


age or reverse Beta current). 


NH 


Output Low Current the current that the output can 
sink without exceeding the 


specified output Low voltage 
VOL: 

the current that the output can 
source without dropping below 
the specified output High volt- 
age VOH: 


To simplify interconnection rules, these currents have been 
normalized as TTL Unit Loads (UL). One UL is equivalent to 
the worst-case input current of a standard TTL gate, 1.6 mA 
in the Low state and 40 A in the High state. The input re- 
quirements of every TTL circuit are given in Unit Loads. 
Some MSI inputs have a fan in of several UL, high speed and 
Schottky circuits have a fan in of 1.25 UL, while low power 
TTL has a fan in of only 0.25 UL. The drive capability of 
the TTL output is expressed in the same terms. The specified 
maximum fan out is the number of Unit Loads that the 
output Can drive under worst case conditions. 


lOL 


Output High Current I9y 


Modern TTL outputs use a 2-transistor pull up structure, 
which improves ac performance and also provides twice the 
high drive capability compared to the low sink capability. 
Unused inputs can therefore be tied to used inputs of the 
same NAND gate without burdening the fan out capability 
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of the driver. When several inputs of one NAND gate are 
interconnected, the input High currents are added, but the 
input Low current is the same as for one input. 


DC NOISE MARGINS 

Knowledge of noise margins in digital devices is crucial to 
the systems engineer in specifying signal and power trans- 
mission requirements. This knowledge also is essential in 
deciding whether shielding is needed to lower external noise. 
How noise margins occur and what range of quantities repre- 
sent the levels in a digital system are best explained by study- 
ing the transfer function of the device. 


Consider the simple feedback system built with two identical 
devices. The transfer characteristic of device 2 is drawn on 
the same diagram with device 1, with the input forcing func- 
tion X59 on the vertical scale and the resulting response Y9 
on the horizontal scale. 


Simple Feedback System and Transfer Function 


Xo, Y4 


XG V5 


The characteristics cross at three points and since the ordin- 
ate represents Xj, Yy and the abscissa X1, Y> these three 
points represent the levels at which the simple digital feed- 
back system can reside: only at these three points is X9 = 
Y4, and X; = Y9. If device 1 has input and output quan- 
tities specified by point A, then the input and output of device 
2 must be specified by point A also. Both devices can have 
identical inputs and outputs, represented by point B, but this 
is an unstable condition. 


In practice, the devices in the system would not be identical. 
The transfer characteristic, therefore, would not be a single 
line but would lie within an envelope. This envelope would 
contain the characteristic of any device used in the system. 


The dimensions of the envelope are determined by the output 
limits accepted by testing. An arbitrary point, called VoL is 
selected as the highest output voltage acceptable as a logic 
‘zero. A guard band is added to this, and the Vo_ Plus guard 
band is applied to an input. The resulting output voltage is 
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designed as Voy, the lowest acceptable logic ‘one’ voltage. 
These parameters, Vo, and Voy are used to sort devices, 
and the envolope of transfer characteristics result. Two of 
these envelopes are plotted together below. Now the device 
levels may reside in one of the three areas of intersection. 
Again, the center area is unstable. 


The point at the upper left hand corner of region C represents 
the highest low output voltage a device can have if driven by 
another device in the simple feedback system. This output 
voltage is designated Vo, *. A device driven by VoL” will 
have the output voltage at the lower right corner of Region A. 
These levels are the outputs of interconnected devices at the 
worst case accepted in sorting. 


Noise Margins/Characteristic Envelopes 


An input level, however, may extend all the way up to the 
unstable region B and still be interpreted as a logic Low. The 
output voltage falls to the opposite corner of region B. If this 
happens, a change of state of the system does not occur. These 
points, on the corners of region’B, represent the most extreme 
input levels which do not result in a change in the system. 
They are designated Vj; * and Vij *. The noise margin of the 
system is the vertical separation between the outputs in a 
noiseless system and the inputs limits Vj, * and Vi} *. These 
differences are Vay and Vay, the high and low noise margins. 
Note that if the envelopes become wider due to looser testing 
limits, or if the slope of the transition region becomes less 
steep, region B elongates toward regions A and C, resulting 
in a decreased noise margin. 


In the data sheets, the parameters given are Voy, VoL. 
Vin, and Vi. These are not the starred quantities on the 
diagram. The numbers in the data sheets are determined as 
follows: 


VOL Arbitrary 

VIL Voc + Guard band Vay 
VOH Output when input is Vy 
Vin VoH ~ Guard band Vy 


The apparent noise margins may then be determined by sub- 
tracting Vo, from Vy and Vip from Voy. The rela- 
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tionships between these points and the starred quantities, 
which give the real noise margins, are as follows: 


Vir= Vir“ 

Vid = VI" 

VOH Lies on the transfer curve slightly to the right of and 
below region A. 

VoL Lies on the curve slightly to the left of and above 


region C. 


The actual noise margins then exceed the apparent margins 
given in the data sheets. 


TTL AC NOISE MARGINS 


In the discussion of dc noise margins, the transfer characteris- 
tics were assumed to be dependent only upon the amplitude 
of input voltage and not on its rate of change. However, a 
digital circuit cannot respond immediately to an input wave- 
form and most devices exhibit hysteresis. The ac noise mar- 
gin of a circuit may therefore be different from the dc margin. 
In a well designed digital circuit with a low pulse rate and 
large pulse width, the ac noise margin should not be detect- 
ably different from the dc noise margin. But, as the pulse 
width is narrowed, the noise margin changes depending on 
the coupling used. In certain types of circuits using capaci- 
tive coupling, the ac noise margin can decrease with decreas- 
ing pulse width. However, with the majority of circuit designs 
using dc coupling like the 9000 and 9300 series devices, 
noise margin increases with a decrease in pulse width. 


This effect occurs at pulse widths less than the device propa- 
gation delay. It is caused by the inability of the circuit to 
respond instantaneously because of stored charge and exter- 
nal loads. Narrow noise spikes at very high frequency can 
have the effect of biasing a device. This can result in lower- 
ing the low frequency noise margin. Generally this biasing 
effect is small. 


The main interest in ac noise margins is the values of pulse 
widths caused by the circuits themselves acting as noise gen- 
erators. This noise is caused by logic spikes resulting from 
different path delays and by voltage and current changes in 
distributed impedances. The device-generated noise usually 
has a narrow pulse width and high frequency. The noise mar- 
gins to this internally generated noise should be superior to 
the dc noise margin. 


AC Noise Margins vs Pulse Width 


7 
= 
Oo 
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TRANSMISSION LINE DRIVE CAPABILITY 


COLLECTOR 
RESISTOR 


TTL FAMILY OR 
DEVICE 


9N/74 Series 
9000 Series 
9H/74H Series 
9S/74S Series 
OL Series 

9009 
9N40/7440 
9H40/7440 
9S40/7440 

9S 140/74S140 


Supply Voltage (Vcc) 


| 
| 
| 
| 
| 
| 
| 
| 


Practical transmission lines, cables and strip lines used for 
TTL interconnections have a characteristic impedance be- 
tween 50 and 1502. Thus none of the standard or low power 
TTL circuits can drive a transmission line, and only the 9S40/ 
9S140 is truly capable of driving a 50Q line under worst 
case conditions. 


These considerations, applicable only when the round trip de- 
lay of the line is longer than the rise or fall time of the driving 
Signal (2tq > t,), do not affect most TTL interconnections. 
Short interconnections do not behave like a resistive trans- 
mission line, but more like a capacitive load. Since the rise 
time of different TTL outputs is known, the longest intercon- 
nection that can be tolerated without causing transmission 
line effects can easily be calculated and is listed in the table 
below. 


PC Board Interconnections 


MAX INTERCON- 
TTL FAMILY RISE TIME FALL TIME NECTION LENGTH 
OL, 93L 14-18 ns 18 in. (45 cm) 
9000, 9300 6-9 ns 18 in. (45 cm) 
9ON/74N 
9H/74H 4-6 ns Qin. (22.5 cm) 
9S/74S 1.8-2.8 ns 7.5 in. (19 cm) 
93S 


Assuming 1.7 ns/foot propagation speed, typical 
for epoxy fiberglass PC boards with ef. = 47. 


Slightly longer interconnections show minimal transmission 
line effects; the longer the interconnections, the greater the 
chance that system performance may be degraded due to re- 
flections and ringing. The chapter on line driving and receiv- 
ing gives additional information on transmission line phenom- 
ena on longer lines. Good system operation can generally be 


Lowest Transmission Line Impedance 


WORST CASE 
(R + 30%) 


241.4 | 204.8 


BEST CASE 
(R — 30%) 


NOMINAL 


Commercial grade 
range 


| 
| 
| 
| 
rs | 
| 
| 
| 
| 


Military grade ) 


range 


obtained by designing around 1002 lines. A 0.026 inch 
(0.65 mm) trace on an epoxy-glass board (€, = 4.7) with a 
ground plane on the other side represents a 100Q line. 28 
to 30 gauge wire (0.25 to 0.30 mm) twisted together forms a 
twisted pair line with a characteristic impedance of 100 to 
115Q. Wire over ground screen (3/4 squares) gives 150 
to 2500 with a significant improvement in propagation 
speed, since the dielectric constant approaches that of air. 


RINGING 


By far the worst problem with high speed TTL circuits is the 
possible rebound (ringing) of the signal into the input thresh- 
old region (0.8—2.0 V) following a High-to-Low level change. 
When a driver switches from a High-to-Low state, the output 
voltage should fall below the threshold value. However, a 
line having a very lowcharacteristic impedance does not allow 
transistor Q5 in the NAND gate example to saturate, and the 
resulting output voltage may not be low enough to switch an 
adjacent device until after two or more line delay times. A 
worst-case situation can occur at the input of the driven de- 
vice at the end of the line. The voltage at the receiver can 
swing negative and then positive after reflection from the 
driver (3tq of the line). This positive excursion, which origi- 
nates after three line delay times and lasts for two more line 
delay times, can rise above the threshold voltage causing the 
receiver to switch erroneously. This effect is most pronounced 
when the driver is fully loaded but driving only one distant 
device. A similar situation may occur when the driver is 
switching from the Low-to-High state, but in this case the out- 
put impedance of the driver is larger and the effect, if present, 
is less pronounced. The input diode on each input of a TTL de- 
vice limits the negative swing at the input of an element, thus 
lowering the next positive transient. These input diodes are 
extremely effective in reducing the amount of noise and tran- 
sients in a digital system built with high speed circuits. 


TTL CHARACTERISTICS « PHYSICAL SYSTEM CONSIDERATIONS 


INTRODUCTION 


The properties of high speed logic gates discussed in the pre- 
ceding section on electrical characteristics dictate that some 
care be used in design and layout of a system. In this section, 
some specific details on systems requirements are presented. 


TRANSMISSION LINE EFFECTS 


The fast rise and fall times of TTL outputs (2 to 6 ns) produce 
transmission line effects even with relatively short ( < 2 ft) 
interconnections. Consider one TTL device driving another, 
and the driver switching from the Low to the High state. If 
the propagation delay of the interconnection is long compared 
to the rise time of the signal, the arrangement behaves like a 
transmission line driven by a generator with a non-linear out- 
put impedance. Simple transmission line theory shows that 
the initial voltage step at the output just after the driver has 
switched is 


where Z, is the characteristic impedance of the line, Ro is 
the output impedance of the driver, and Ve is the equiva- 
lent output voltage source in the driver, Vcc minus the for- 
ward drop of the pull-up transistors. 


Initial Output Voltage of TTL Driving Transmission Line 
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This initial voltage step propagates down the line and reflects 
at the end, assuming the typical case where the line is open 
ended or terminated in an impedance greater than its charac- 
teristic impedance Z,. Arriving back at the source, this re- 
flected wave increases Voyrt. If the total round-trip delay 
is larger than the rise time of the driving signal, there is a 
staircase response at the driver output and anywhere along 
the line. If one of the loads (gate inputs) is connected to the 
line close to the driver, the initial output voltage Voyy Might 
not exceed Vj. This input is then undetermined until after 
the round trip of the transmission line, thus slowing down the 
response of the system. 


TTL Driving Transmission Line 


| QD ZV FS LOGIC Kao 


If Vout is increased to > 2 V by either increasing Z, or de- 
creasing R,, additional delay does not occur. Ro is a charac- 
teristic of the driver output configuration, varying between 
the different TTL speed categories. Z, can be changed by 
varying the thickness of the conductor and its distance from 
ground. The following table lists the lowest transmission line 
impedance that can be driven by different TTL devices to in- 
sure an initial voltage step of 2 V. Note that the worst case 
value, assuming a +30% tolerance on the current limiting re- 
sistor and a -10% tolerance on Vcc. is 80% higher than the 
value for nominal conditions. 
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A graphical method provides excellent insight into the effects 
of high speed digital circuits driving interconnections acting 
as transmission lines. The method is basically to draw a load 
line for each input and output situation. Each load line starts 
at the previous quiescent point, determined where the pre- 
vious load line cuts the appropriate characteristic. The mag- 
nitude of the slope of the load lines is identical and equal to 
the characteristic impedance of the line, but alternate load 
lines have opposite signs representing the change indirection 
of current flow. The points where the load lines cut the input 
and output characteristics represent the voltage and current 
value at the input or output, respectively, for that reflection. 
The method is shown below with and without the input diode, 
and illustrates how the input diode on TTL elements assists in 
eliminating spurious switching due to reflection. 


Ringing Caused by Reflections 


Zo = 140Q SLOPE 
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CROSSTALK 


Crosstalk, the coupling of energy from one circuit to another 
via real and parasitic capacitance and inductance, causes in- 
creased problems in digital systems as the rise and fall times 
of the circuit decrease. The subject is extremely complicated, 
and no simple formula can give correct values in all cases for 
the amplitude of noise coupled from one circuit to another. 
In some circumstances where the input and output resistances 
of the circuits are high, a lumped equivalent circuit model can 
be drawn and reasonable calculations made. However, when 
the connections act as transmission lines, the situation is ex- 
tremely complicated. TTL elements have a low output imped- 
ance in both High and Low logic states, and it is very difficult 
to couple enough energy into a short interconnection between 
devices to switch an adjacent circuit erroneously. 


The effect of the fast rise and fall times of TTL devices is to 
increase the noise coupling between circuits. However, this 
greater noise coupling is more than offset by the low output 
impedance of TTL devices in both logic levels. 


POWER SUPPLY FOR TTL SYSTEMS 


A well regulated power supply should be used with ripple of 
< 5% and regulation < 5%. For large systems a transmission 
line low inductance power bussing system and an adequate 
amount of RF bypassing may be necessary. 


DECOUPLING 


Decoupling capacitors should be used on every PC card, at 
least one for every 5 to 10 standard TTL packages, one for 
every five 9H and 9S packages and one for every one-shot 
(monostable), line driver and line receiver package. They 
should be good quality RF capacitors of 0.01 uF to 0.1 pF with 
short leads. It is particularly important to place good RF ca- 
pacitors near sequential (bistable) devices. In addition, a lar- 
ger capacitor (preferably a tantalum capacitor) of 2 uF to 
20 yF should be included on each card. 


GROUNDS 


A good ground system is essential for a PC card containing a 
large number of packages. The ground can either be a good 
ground bus, or better yet, a ground plane which, incorporated 
with the Vcc supply, forms a transmission line power sys- 
tem. Power transmission systems are commercially available 
which can be attached to a PC card to give an excellent power 
system without the cost of a multilayer PC card. Ground 
loops on or off PC cards are to be avoided unless they approxi- 
mate a ground plane. 


UNUSED INPUTS 


Theoretically, an unconnected input assumes the High logic 
level, but practically speaking it is in an undefined logic state 
because it tends to act as an antenna for noise. Only a few 
100 mV of noise causes the unconnected input to go to the 
logic Low state. On devices with memory (flip-flops, latches, 
registers, counters), it is particularly important to terminate 
unused inputs (MR, PE, PL, CP) properly since a noise spike on 
these inputs might change the contents of the memory. It is 
poor design practice to leave unused inputs floating. Instead, 


follow these important recommendations: 
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Tie unused NAND, OR, AND inputs (multi-emitter inputs) 
to a used input of the same gate, provided the High level 
fan out of the driving circuit is not exceeded. Note that 
the Low level fan out is not increased by this connection 
because the inputs share a common base pull-up resistor. 


Tie unused NOR or OR inputs to ground or connect them 
to a used input of the same gate, provided the fan out of 
the driving circuit is not exceeded. Note that this connec- 
tion increases both High and Low level fan in since each 
OR input has a separate single emitter input transistor. 


To provide a permanent logic Low on an input, tie it to 
ground. 


To provide a permanent logic High to an input: 


— Tie the input Vcc, but note that Vcc must never, not 
even for a few ns, exceed 5.5 V. Inputs break down at 
some unspecified voltage about 5.5 V; the current then 
is not limited and the input and other circuitry on the 
chip may be permanently damaged. 


— Tie the input to Ve¢c through a current limiting resistor 
of 1k. One resistor can be used to define a High 
for up to 50 inputs. 


— Tie the input to a separate power supply of 2.4 to 5.5 V 
if available. | 


— Tie the input to the output of a spare gate that is per- 
manently High. Grounding one or more inputs of a 
NAND gate generates a permanently High output. 


UNUSED GATES 


It is recommended that the outputs of unused gates be forced 
High by tieing a NAND gate input or all NOR gate inputs to 
ground. This lowers the power dissipation and supplies a 
logic High at the gate output which can be used at unused in- 
puts to other gates. 


EXTENDERS 


For maximum speed, TTL extender gates (9006) or discrete 
diodes should be placed as close as possible to the gate being 
extended. This practice minimizes capacitance at the sensi- 
tive extension points. 


INCREASING FAN OUT 


To increase fan out, inputs and outputs of gates on the same 
package may be paralleled. It is advisable to limit the gates 
being paralleled to those in a single package to avoid large 
transient supply currents due to different switching times of 
the gates. This is not detrimental to the devices, but could 
cause logic problems if the gates are being used as clock 
drivers. 
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LINE DRIVING AND RECEIVING 


Open wire connections between TTL circuits should not be 
bundled, tied, or routed together. Instead, point-to-point 
wiring should be used, preferably above a ground plane which 
reduces coupling between conductors. 


Single line wire interconnections should not exceed two feet; 
for wires longer than 15 inches, a ground plane is essential to 
provide adequate system performance. Over 2-foot twisted 
pairs or coaxial cable should be used. The characteristic im- 
pedance of an open wire over a ground plane is about 150Q, 
while for twisted pairs of #26 wire the impedance is about 
12002 . For added protection against crosstalk, coaxial cables 
can be used but coaxial cables having very low characteristic 
impedances are difficult to drive. For best performance, co- 
axial cables with a characteristic impedance R, of 100Q 

should be used. Resistive pull ups at the receiving end can be 
used to increase noise margins. If reflection effects are un- 
acceptable, the line must be terminated in its characteristic 
impedance. One method is shown below where the output of 
the line is tied to Vcc through a resistor equivalent to the 
characteristic impedance of the line. Therefore Ro is fairly 
small, and the driving gate must sink the current through it in 
addition to the current from the inputs being driven. Termin- 
ating the line in a voltage divider with two resistors, each 
twice the line impedance, reduces the extra sink current by 
50%. It is preferable to dedicate gates solely for line driving 
if the line length is in excess of five feet. 


TTL Driving Twisted Pair 


Ro = CHARACTERISTIC 
IMPEDANCE OF LINE 


TWISTED PAIR 


ENABLE STROBE 


Ra =Rg=2Z, 
Ro = 2 


For additional noise immunity when driving long lines, the 
9614 or 9615 dual differential line driver and line receiver 
may be used. These devices drive a twisted pair of wires dif- 
ferentially, permit easy termination of lines, and provide 
+15 V common mode noise rejection as described in Line 
Drivers and Receivers. 


TTL CHARACTERISTICS ¢ FLIP-FLOPS AND REGISTERS 


INTRODUCTION 


The simplest data storage circuit is the cross-coupled gate 
(latch), perhaps with an Enable input, sometimes misleadingly 
called a clock. These single rank circuits are called trans- 
parent because the output can respond immediately to input 
data changes. Outputs may not be directly fed back to the in- 
puts, since this creates a race condition (potential oscillation). 


On the other hand, flip-flops and registers are nontransparent, 
dual-rank data storage circuits consisting of two sets of latches 
per bit controlled by a common clock. The master latch is 
affected by the input conditions during each clock pulse; the 
slave latch is controlled by the master between clock pulses. 
Only the slave outputs are brought out and they can change 
only immediately after the end of a clock pulse. 


Because of the nontransparent, dual-rank nature of these cir- 
cuits, the outputs can be fed back to the inputs without danger 
of race conditions. Multiphase clocking schemes are not re- 
quired and system design is greatly simplified. To use these 
devices appropriately, the designer must, however, have a 
clear understanding of the timing parameters (output propaga- 
tion delay, input timing requirements) and be aware of prob- 
lems generated by clock delay variations (clock skew). 


PROPAGATION DELAY 


The outputs of any flip-flop or register change only as a result 
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of a single clock edge — the Low-to-High clock transition in 
modern circuits. The delay between this clock edge and the 
output change is specified as tpq. Usually the delays are dif- 
ferent for the two possible directions of output change and 
specified as 


tod+ OF tPLH 


the delay between the active clock edge and the output 
change from Low to High, and 


tpd- OF TPHL 


the delay between the active clock edge and the output 
change from High to Low. 


The manufacturers usually give typical and maximum values; 
the minimum value must obviously be > 0. 


SET-UP TIME 


Edge triggered flip-flops and registers are affected by syn- 
chronous input levels only at one moment, a short time before 
the active clock edge. This critical time is called the set-up 
time ts. Depending on the input levels at that moment, the 
flip-flop or register is either set, reset, or left unchanged. The 
levels and level changes on synchronous inputs at any other 
time do not affect the flip-flop or register. Since all device 
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parameters vary with temperature, supply voltage, and manu- 
facturing tolerances, set-up time has a certain spread. It is 
important to make sure the synchronous input levels remain 
stable during this timing window between the longest t, 
(representing a slow device) and the shortest t, (representing 
a fast device). 


Timing 


AXA KAA AY 
XXXEXAK RRS 
readaheadareataaetatens 


J,K,D 
ANNAN NOLA NON 


—| |< SHORTEST 
~~ LONGEST 


| 
| 
tel 


| 
a ma— TYPICAL 


Semiconductor manufacturers have, at various times, used dif- 
ferent and even conflicting nomenclature for the two borders 
of this timing window. The longest set-up time is often called 
ts(max) but sometimes tgmjn) Since it describes the shortest 
time the inputs must remain stable before the next clock edge. 
The shortest set-up time is called tg(p,j)j), but also, less logic- 
ally, tg(max): Fairchild uses the term t, (release time) and 
other manufacturers call it -tyojq (negative hold time). This 
name originated with early circuits (like the 7470) where the 
clock delay was longer than the data delay. These circuits re- 
quired that the data inputs be held stable even after the active 
clock edge (positive hold time). All modern circuits have posi- 
tive set-up times and therefore negative hold times. 


ONE CATCHING MASTER/SLAVE FLIP FLOPS 
As shown in the flip-flop selection guide, a number of older 
flip-flops (9000, 9001, 9020, 9022, 74H71, 7472, 7473, 
7476, 7478, 74104, 74105) are not edge triggered, but are 
true master/slave flip-flops. They consist of two latches, a 
master latch that accepts input data during the clock pulse 
and a slave latch controlled by the master between clock pul- 
ses. Only the outputs from the slave are brought out. All these 
flip-flops have JK inputs and they toggle when both J and K 
are activated. This is achieved by ANDing the J input with 
the Q output to generate the Set input to the master, and AND- 
ing the K input with the Q output to generate the Reset input 
to the master. Thusa one inthe slave latch prevents the J in- 
put from setting the master, while a zero in the slave latch 
prevents the K input from resetting the master. During the 
clock pulse, the master thus searches for an input that causes 
it to change state. If it receives such an input signal, even a 
very short one, it accepts it, changes state and can then no 
longer be affected during this clock pulse. This characteristic 
is called ‘one catching’ (better, ‘opposite state catching’) and 
can result in improper operation if the synchronous inputs are 
unsettled during the clock pulse. For these master/slave flip- 
flops, the clock pulses should be as short as possible, accom- 
modating all combinatorial delays and potential noise pulses 
between clock pulses. These considerations do not apply to 
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edge triggered flip-flops (9024, 7470, 7474, 74H101, -102, 
-103, -106, -108, 74S112, -113, -114) and to the edge trig- 
gered registers and counters of the 9300 family. 


As stated before, these devices are only affected by the state 
of their synchronous inputs one set-up time before the active 
clock edge. They are, therefore, insensitive to the duty cycle 
of the clock. The clock to any flip-flop or register, master/ 
Slave or edge triggered, is a dc function. The devices are not 
directly sensitive to the clock rise and fall times, as are capac- 
itance coupled flip-flops. However, if the rise or fall times 
are very long and the clock signal lingers around the threshold 
level longer than the flip-flop delay time, multiple clocking 
can result from the slightest noise on the clock line, or even 
from internal crosstalk on the chip. The clock signal should 
therefore generally have a transition time of less than 50 ns. 


CLOCK SKEW 

Clock skew is a problem inherent to any synchronous digital 
system using high speed TTL components. Independent of the 
system clock rate and affected only by the device speed, it 
often comes as an unpleasant surprise to the unsuspecting 
designer of low speed systems. 


Ideally, all clock inputs in a synchronous system should be 
activated simultaneously; in a large system, this is obviously 
impossible. There are time differences, called clock skew, due 
to line propagation time and/or delay variations between dif- 
ferent clock buffers. 


Critical Timing 


Consider the simple case of two flip-flops, FF A driving FF B 
through a combinatorial network with delay t,. If the clock 
pulse arrives at FF B later than at FF A, this delay must be less 
than 


At max = tpdA * te + tsp 
for the system to operate properly. If it arrives later, it affects 
FF B with the new, perhaps changed, contents of FF A. Note 
that for a worst-cased design, the critical values of tpg, te, and 
ts are the minimum (shortest, fastest) values often not speci- 
fied in the data sheets. 


There are two ways to avoid clock skew problems. One is to 
minimize clock skew by driving all clock inputs from one 
source, perhaps a parallel connection of several gates or buf- 
fers. (Only outputs from the same chip should be paralleled 
to minimize power supply glitches). The other method is to 
arrange clock delays carefully so the clock delays run in the 
opposite direction of the data delays. This insures that the 
last device in the data chain is clocked first, and all clock skew 
problems are eliminated. If this is impossible, e.g., in a re- 
circulating register, a flip-flop with opposite clock polarity 
can be inserted in the data stream. 


TTL CHARACTERISTICS ¢ INTERFACING 


INTRODUCTION 


All circuits in the Fairchild TTL family, in fact all TTL devices 
presently manufactured, are compatible. Any TTL output can 
drive a certain number of TTL inputs, as described in the load- 
ing rules. There are only subtle differences in the worst case 
noise immunity when low power, standard, and Schottky TTL 
circuits are intermixed. Open collector outputs, however, re- 
quire a pull-up resistor to drive TTL inputs reliably. 


While TTL is the dominating logic family, and many systems 
use TTL exclusively, there are cases where different semicon- 
ductor technologies are used in one system, either to improve 
the performance or to lower the cost, size, and power dissipa- 
tion. The following explains how TTL circuits can interface 
with DTL, ECL (CML), CTL, and discrete transistors. Inter- 
facing with MOS is not covered, since it depends too much on 
the particular MOS technology (high or low threshold, metal 
or silicon gate, p-channel or n-channel or CMOS). 


INTERFACING TTL AND DTL 


Both DTL and TTL are current sinking families, operating ona 
+5 V supply. They interface perfectly. When TTL drives DTL, 
one DTL input represents 1 UL in the Low state, much less 
than 1 UL in the High state. When DTL drives TTL, a 2 kQ 
output has a drive capability of 8 UL, a 6 k® output has a 
drive capability of 4 UL. 


INTERFACING TTL AND ECL 


Mixing ECL and TTL logic families offers the design engineer 
a new level of freedom and opens the entire VHF frequency 
spectrum to the advantages of digital measurement, control 
and logic operation. 


The chief advantages of emitter coupled logic are high speed, 


flexibility, design versatility and transmission line compati- 
bility. But application and interfacing cost problems have 
traditionally discouraged the use of ECL in many areas, parti- 
cularly in low cost, less sophisticated systems. Using 95K 
fully compensated ECL with new ECL/TTL interface devices 
and several new interfacing methods promises to extend the 
advantages of ECL to many low cost systems designs. 


The most practical interfacing method for smaller systems in- 
volves using a common supply of +5 to +5.2 V. Care must be 
exercised with both logic families when using this technique 
to assure proper bypassing of the power supply to prevent any 


’ coupling of noise between circuit families. If only a few 95K 
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ECL packages are designed into a predominantly TTL system, 
the safest method is to use a 0.01 uF miniature ceramic 
Capacitor across each 95K device. This value capacitor has 
the highest Q, or bypassing efficiency. When larger systems 
are operated on a common supply, separate power busses to 
each logic family help prevent problems. Otherwise, good 
high frequency bypassing techniques are usually sufficient. 


95K series ECL devices are fully compensated so that input 
thresholds and output levels are immune to broad variations 
in ambient temperature and supply voltage. This feature 
makes it easier to interface with TTL and to operate with the 
TTL power supply. 95K devices have high input impedance 
with input pull-down resistors(>20 kQ )to the negative sup- 
ply. In the TTL to ECL interface circuits on the following page, 
it is assumed that the ECL devices have high input impedance. 


9500 series ECL elements are temperature compensated and 
have internal 2 kQ2 pull-down resistors at each input and out- 
put. These resistors provide partial termination of intercon- 
necting transmission lines, in many cases, eliminating the 
need for external terminations. For ECL inputs with 2 kQ 
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pull-down resistors, the 750 Q resistors shown in the TTL to 
ECL circuits should be changed to 1.2 k92 to provide the prop- 
er ECL input signal levels. 


All circuits described operate with +5% ECL and +10% TTL 
supply variations, except those with ECL and TTL on a com- 
mon supply. In those cases the supply can be 10% with 95K 
ECL, +5% with 9500 series ECL. All resistors are %4 watt, +5% 
composition type. 


TTL to ECL Conversion 


TTL to ECL conversion is easily accomplished with resistors, 
' which simultaneously attenuate the TTL signal swing, shift 
the signal levels, and provide low impedance for damping and 
immunity to stray noise pick-up. The resistors should be lo- 
cated as near as possible to the ECL circuit for optimum effect. 
The circuits above assume an unloaded TTL gate as the stan- 
dard TTL source. ECL input impedance is predominately 
capacitive ( 3 pF); the net RC time constant of this capac- 
itance with the indicated resistors assures a net propagation 
delay governed primarily by the TTL signal. 


ECL to TTL Conversion 


Common Power 
Supply 


Separate Power 
Supplies 
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When interfacing between high voltage-swing TTL logic and 
low voltage-swing ECL logic, the more difficult conversion is 
from ECL to TTL. This requires a voltage amplifier to build up 
the 0.8 V logic swing to a minimum of 2.5 V. The circuits 
shown below may be used to interface from ECL to TTL. 


The higher speed converters usually have the lowest fan out 
—only one or two TTL gates. This fan out can be increased 
simply by adding a TTL buffer gate to the output of the con- 
verter. Another option, if ultimate speed is required, is to use 
additional logic converters. 


INTERFACING TTL AND CTL 


CTL (Complementary Transistor Logic) is a family of high 
speed digital circuits used mainly in computers. It uses AND 
gates and wired-OR outputs for logic flexibility, but logic levels 
are not restored in each gate. Level restoring buffers (9956) 
are therefore required, and all interfacing should be done with 
restored logic levels. 


TTL to CTL Conversion 


TTL TO CTL 


9956 OR GROUND 


The CTL input threshold is % 1 V, similar to TTL, but 1 to 
2 mA are required to pull the CTL input reliably over the 
threshold. A normal TTL output can drive a CTL input, but 
noise immunity is improved considerably by a 1k 2 pull up 
resistor. 


CTL to TTL Conversion 


QO Vcc = +4.5V 


ADDITIONAL PULL-DOWN RESISTOR 
FOR INCREASED FAN OUT 


CTL TO TTL 
9956 


The CTL output emitter follower can source > 30 mA but can- 
not sink current. A resistive termination is therefore required. 
When the resistor is returned to ground, it may not exceed 
250 {2 to guarantee a Vo, of < 400 mV ata fan out of 1 UL. 
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A better, less power consuming way for a fan out of 1 UL is to 
use the built-in pull down resistor (1 k92 to -2 V). For in- 
creased fan out, this resistor can be reduced by a parallel ex- 
ternal resistor to 180 92 (8 UL). 


TTL DRIVING TRANSISTORS 


Although high voltage, high current ICs, such as the 9644, 
are available, it is sometimes necessary to control greater cur- 
rents or voltages than integrated circuits are capable of han- 
dling. When this condition arises, a discrete transistor with 
sufficient capacity can be driven from a TTL output. Discrete 
transistors are also used to shift voltages from TTL levels to 
logic levels for which a standard interface driver is not avail- 
able. 


TTL Driving NPN Transistors 


OPEN COLLECTOR 
TTL OR DTL 


lp > 10 mA 


lb >3mA = lb > 5 mA 


The three circuits above show how TTL can drive npn tran- 
sistors. The first circuit is the most efficient but requires an 
open collector TTL or DTL output. The other two circuits limit 
the output current from the TTL totem pole output through a 
series resistor. The last circuit increases the High drive capa- 
bility of the TTL output with an external pull up resistor and 
uses a base return resistor for faster turn off and better ther- 
mal stability. 


SHIFTING A TTL OUTPUT TO NEGATIVE LEVELS 


This circuit uses a pnp transistor to shift the TTL output to a 
negative level. When the TTL output is High, the transistor is 
cut off and the output voltage is -V,. When the TTL output is 
Low, the transistor conducts and the output voltage is 


Ry 
Vy, +—— (Vcc - 2 V) 
R9 


if the transistor is not saturated, or slightly positive if the 
transistor is allowed to saturate. 


PNP Transistor Shifting TTL Output 


Ao Ay A2 A3 


9301 1 10 DECODER 


Oo 01 02 03 04 Os 0g 07 Og Og 


TO OTHER DISPLAYS 


A TTL output can be used to drive high voltage, low current 
loads through the simple, non-inverting circuits shown above. 
This can be useful for driving gas discharge displays or small 
relays, where the TTL output can handle the current but not 
the voltage. 


TRANSISTORS DRIVING TTL 


5.6 kQ 5.6 kQ 


It is sometimes difficult to drive the relatively low impedance 
and narrow voltage range of TTL inputs directly from extern- 
al sources, particularly in a rough, electrically noisy envi- 
ronment. The circuits shown above can handle input sig- 
nal swings in excess of + 100 V without harming the cir- 
cuits. The second circuit has an input RC filter that suppresses 
noise. Unambiguous TTL voltage leveis are generated by the 
positive feedback (Schmitt trigger) connection. 
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Equivalent Low Power and Schottky circuits are included with the basic product listing. 
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